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Fort Monroe Arsenal, November, 1872. 

To the Chief of Ordnance, Washington, D. C. : 

Sir : I have from time to time, during the past few years, submitted for 
your consideration drawings of projectiles, fuses, etc., and plans of rifling, 
accompanied with brief explanations and reports, reserving the privilege of sub- 
mitting more complete reports in the future. 

, The recent appropriation by Congress of funds for the procurement of certain 
experimental rifles of large calibre will afford an opportunity of testing the 
merits of some of the different systems of gun-construction, both breech and 
muzzle loading. Having determined upon the nature of the guns, it will be 
necessary to decide upon the character of the rifling and upon the projectiles to be 
used in proof. It would be obviously unwise to introduce into the programme 
for the proof of these guns any strange or experimental features where it can be 
avoided, and this fact alone furnishes a good reason for not departing from our 
expansive system of rifling and projectiles for the proposed muzzle-loading 
guns. As I am Avell aware, however, of a growing mistrust of our own system, 
based on past practice and the poor character of the projectiles now in service, 
and of a tendency to favor the stud system, based upon published (and often par- 
tisan) accounts of extensive experiments in France and England, I have thought 
the present opportunity a good one for presenting in detail my views on a 
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subject to which I have devoted long and close attention, trusting that they may 
prove of some interest and value. 

The " battle of the guns " is not yet fought out ; but, while the advocates of 
the different systems of gun-construction have been conducting their conflict on 
paper and at the proof-butt, it is extraordinary that the importance of the 
kindred subject of projectiles has not been more fully recognized, and that more 
marked improvement has not been made in this direction. It seems rather to 
have been a settled conviction in the minds of military engineers that the 
subjects of rifling and projectiles were about exhausted; that no new system 
could be designed ; and that material improvement in any existing system was 
scarcely to be looked for. Hence all their energies seem to have been directed 
toward the construction of guns strong enough to bid defiance to the severe 
tests to which the least objectionable of the existing systems of rifling might 
subject them. As a consequence, we find England's " magnificent guns " ruined 
in a few rounds by a vicious system of rifling and projectiles ; Krupp's expen- 
sive ordnance subjected to ordeals, lighter, it is true, but still unnecessarily 
severe, in spite of the adoption of Hodman's "prismatic powder"; other coun- 
tries in a " sea of doubts " ; while at home many of our officers have lost entire 
confidence in cast iron for heavy ordnance, and demand at once stronger guns, 
without giving a thought to their rifling or to the projectiles to be fired from 
them, as though these were questions already settled, or it mattered little what 
system be adopted. 

I maintain that no less important than the question of gun-construction are 
the questions of rifling and projectiles — nay, more important to-day ; for what- 
ever be the respective merits of various gun-constructions, most of them would 
be found abundantly strong, if their strength were only properly economized. 

The " decided failure " of the " French- Woolwich " system of rifling, the 
poor practice of the French, Austrian, and other systems, and the undeveloped 
state of our own, have recently attracted the attention of the military world 
in a marked degree to this subject. "It is a curious feature of the times," 
says the Mechanics' Magazine, " that a controversy which was presumed to be 
finally and satisfactorily settled seven years since, by conclusive results derived 
from an extensive competition between heavy guns rifled on various systems, 
should be now cropping up to perplex the naval and military artillerist of the 
day." 

Assuming that an entirely unobjectionable projectile maybe constructed, 
and admitting so undeniable a fact as that a poor gun, firing such projectiles, may 
outlive a good gun, served with inferior projectiles, the true importance of the 
subject must be admitted. It is, of course, no vain assertion to state that the best 
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heavy rilie ever constructed could bo burst or ruined at the first lire by a pro- 
ject ile especially adapted to effect such a purpose, and that the same gun might be 
endangered by certain forms of projectiles defective in principle or construction, 
while a gun in many respects inferior might give a good record, if every pro- 
jectile lived from it behaved uniformly and well. 

The following are some of the conditions especially desirable in any 
system of rifling, all which must be fulfilled by a projectile that is claimed 
to be perfect : 

1. Accuracy. 

2. Perfect rotation ("taking the grooves'"), due to the twist, as indicated on 
the recovered projectile by proper marks of the rifling on the rotating device. 

3. Steadiness or smoothness of flight, as indicated by smoothness of sound. 

I. Absolute non-liability of the projectile to jam within the gun, either in 
loading or firing. 

5. Ron-liability to strip either within the gun or during flight, even with 
the heaviest charges. 

6. Must not injure the gun by breaking, nor produce unnecessary torsional 
strains of any kind by wedging, etc. 

7. Entire absence of balloting. 

<S. Maximum capacity for bursting charge. 

9. Uniform and moderate pressures. 

10. Uniform and high velocities. 

II. Uniform and good ranges. 

12. Absolutely safe to fire over the heads of our own troops — a contingency 
constantly arising in both land and sea service. 

13. So strong and safe in principle as to allow a wide margin for all errors 
of manufacture, and even inferiority of materials. 

14. Ron-liability to injury in store, handling, or transportation. 

15. Rot too expensive. 

If an inferior quality of powder be employed, the pressures, velocities, and 
ranges will be irregular, and the accuracy correspondingly impaired, but none of 
the remaining foregoing conditions should be affected in the slightest. 

Some of the above requirements being enumerated by Major Owen in his 
treatise on " Modern Artillery," he remarks : "In many systems of rifling one 
or more of these conditions have been sacrificed to some extent, doubtless to 
secure a closer compliance with others thought to be of greater importance or of 
easier attainment." Ko system, indeed, has ever proved an exception to this 
rule, and the sacrifice of useful and essential conditions incurred by some systems 
is something marvellous. 
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How far the problem — given a gun, to find a perfect projectile and system 
of rifling — has been from a successful or satisfactory solution can be fully appre- 
ciated by those who hare made the subject a specialty, or who have had a fair 
glimpse at the records of past experience. 

" Naval and military journals," says an English magazine, " are beginning 
to complain that six years of ceaseless improvement (?) have failed to provide 
our heavy guns with suitable projectiles. The unexplained and extraordinary 
pressure of 66 tons to the square inch in the powder-chamber of the 35-ton gun, 
instead of the usual 30 tons due to the charge, and consequent splitting of the 
steel lining, have given point to these complaints." 

From every source, indeed, amidst much boasting of the superiority of this 
system or that, we hear more or less complaint of dangerous and unsatisfactory 
projectiles, or, at best, of serious defects and greatly desired improvement in this 
direction. 

That safe, reliable, and in every respect efficient projectiles might be had, 
has long been my earnest conviction, and the marked success which has attended 
recent experiments at Fori Monroe induces the belief that, whatever the improve- 
ments of the future, we have now at command a system worthy of every con- 
fidence ; — one which, while thoroughly efficient in every particular, will yet never 
prove treacherous. It is in the confidence inspired by such a hope that I am 
induced to lay before you the accompanying papers on this subject. 

In my treatment of the question I propose to assemble the different forms 
of rifling and projectiles under three general systems, as follows : 

1. The Expansive System, embracing all projectiles which, in loading, are 
inserted in the gun without respect to the rifling, but which " take the grooves " 
by the action of the gases of discharge upon a device or feature of the projectile, 
which is readily expanded thereby into the grooves of the gun. 

2. The Compressive System, embracing all projectiles which are loaded in a 
chamber, and then forced by the action of the powder through the bore of the 
gun, the diameter of which across the lands is less than the superior diameter of 
the projectile. All projectiles for breech-loading guns have heretofore been of 
this class. 

3. The Flanged System, embracing all projectiles upon the cylindrical portion 
of which are projections which, in loading, are intended to be inserted into cor- 
responding grooves in the bore of the gun. These projections may be studs or 
buttons, ribs or flanges; grooved shot being nothing more than flanged shot with 
wide flanges. 

In each of these systems I shall have one or more projectiles to propose, 
also modifying in each case the rifling; which proposed projectiles, in my judg- 
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incut, will go far toward supplying long-felt necessities in the service of rifled 
ordnance. Of eacli of these systems it is my purpose to reveal the principal de- 
fects, and in each to suggest what I trust may prove practical remedies. 

Yery respectfully, 

Your obedient servant, 

John G. Butler, 
JAcutcnant of Ordnance. 
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Part First. 



THE EXPANSIVE SYSTEM. 

This class of projectiles has been so extensively and, it may be said, exclu- 
sively used in the United States that in many countries it is known as the 
American system. 

Most of the European governments, after more or less experiment with 
expansive projectiles fitted with lead sabots, seem to have considered the system 
as unreliable and in no way suited to the requirements of service. Confined, as 
their trials were, principally to the lead sabot, this unfavorable verdict is not 
surprising. 

In our own country, four years of war and the necessity for rifle projectiles 
stimulated the inventive talent of the country, and a great variety of projectiles 
were urged upon the Government. Many of these failed absolutely; others 
secured a partial success in preliminary trials, and were afterward condemned 
in the field ; a few only were found to stand the test of sen ice, and of these not 
one gave entire satisfaction. 

Although it may be necessary to discuss at some length two kinds of the 
more prominent projectiles in our service — namely, those with the lead or soft- 
metal base and those with the brass ring — yet it is less my purpose to criticise 
individual projectiles of the expansive class than to point out the general defects 
of the system, and to suggest remedies which may place this system in the van 
of all others for general efficiency. Of the few expansive projectiles which have 
heretofore been used and tested, and which have seemed each in turn to give some 
promise of success when applied to large calibres, it may be remarked briefly : 

1. Where the sabot is of lead or " soft metal," windage is apt to be entirely 
closed. The lead may strip or be forced over the projectile, and balloting or 
wedging be induced, followed by a train of evils. 

2. Those projectiles similar in pattern to the above, but having sabots of 
copper or brass, cup-shaped on the bottom of the projectile, seem to suffer from 
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the violence of the explosion within the cup, which is apt to be broken thereby, 
or, if not broken, to be unevenly "set up." It might be difficult at times to 
assign full reasons why these projectiles fail, but that their failure has been 
frequent is a simple matter of record. 

3. Those forms where a leaden jacket is forced out by the action of the 
discharge upon a wedge or key have small capacity as shell, no strength as shot, 
strip easily, and are open to many other objections, while for large calibres they 
are worse than worthless. 

4. Equally objectionable are those cases where a concave or a convex disk is 
flattened against the base of the projectile, or in addition is provided with a 
flange or key which is driven by the discharge upon the tapered base of the 
projectile. The use of such a projectile is equivalent to introducing a wedge into 
the gun, and it is obvious that the principle is a vicious one. In such a pro- 
jectile the sabot is not expanded into the grooves, but is wedged, "upset," or 
" crowded " into them. The metal of the sabot between the lands of the gun on 
the one side, and the unyielding body of the shot on the other, is compressed 
and actually caused to flow to the right and left into the adjacent grooves. If 
this metal is brass or copper, the severity of the strain can be imagined. In fact, 
the area of the disk which is operated upon by the force of explosion must be at 
least one-half or one-third the area of the base of the projectile, and henee in the 
larger calibres a force of from one to several millions of pounds will be operating 
upon a powerful wedge, and bringing upon the walls of the gun a bursting strain 
entirely auxiliary to that of the powder-gases as indicated by the pressure-gauge. 
Apart from this, to obtain just the right materials and just the mathematical 
proportions which will ensure the correct " taking of the grooves " are points so 
nice as to leave absolutely no margin for errors of workmanship or defects in 
material ; whereas, in dealing with forces so tremendous as those involved in the 
explosion of gunpowder, a wide margin should be allowed for all such errors or 
accidents, and, if any such should occur, it should be rendered impossible for 
them to cause injury to the gun. Stripping, also, has always been found a nota- 
ble feature of such projectiles. 

5. In all those forms of sabots or rings intended to be expanded by the 
entrance of the gases of discharge between them and the iron body of the pro- 
jectile proper, the po werful effort of the gases to expand the sabot into the rifling 
tends violently to strip it from the projectile, and in fact the sabot must become 
in great part detached from the projectile before it can " take the grooves." The 
prying up of the hard sabot in this manner frequently results in breaking off 
wedge-shaped pieces of the projectile from its base, causing it to wedge or "jam" 
within the bore. 



16 



PROJECTILES AND RIFLED CANNON. 



Some of the more serious defects developed in these projectiles in the field 
were : 

1. Failure to " take the grooves." 

2. " Wobbling," " tumbling," or irregular flights, and inaccuracy from 
various causes. 

3. Stripping of the rotating device or sabot from the projectile, killing or 
wounding our own men, over whose heads it was necessary to fire. 

4. Damage in transportation and deterioration in store. 

5. Small interior capacity for bursting charge. 

The above defects, together with others more clearly traceable to errors of 
manufacture, obtained to a greater or less degree in all the projectiles em- 
ployed ; and of the four or five which were of necessity retained in the service, 
only one or two varieties were considered to hold out any promise of success in 
guns of large calibre. 

During experiments at Eort Monroe, it appeared so obvious to the late 
General Eodman that the enormous pressures so frequently recorded in the proof 
of our cast-iron rifles were clearly traceable to the projectiles, that he was led to 
think it possible to obtain better results by the use of plain iron projectiles hav- 
ing grooves cut through their entire cylindrical length, which fitted over corre- 
sponding lands in the gun. No success, however, attended these experiments. 
The pressures ranged very high, both in 8-inch and 12-inch guns ; the former 
burst at the eightieth round, and the practice with this projectile was discon- 
tinued in the latter gun. The experiment subsequently tried of edging the ribs 
on the shot with brass " gibs " was attended with no better results, while the 
cost of the projectile was greatly increased. 

Various other kinds of jn-ojectiles were tried from time to time, but none 
gave satisfaction, and the Ordnance Department seemed justified in falling back 
to first principles, and continuing experiments with projectiles having lead sabots. 
Extended trials with these projectiles establish clearly, I think, that although they 
have been made as perfect as any projectile with a lead sabot can be, nevertheless, 
first, at their best they are uncertain and dangerous, especially for large calibres ; 
and, second, adequate weights of powder and projectiles cannot be employed. 

Two dangers especially to be guarded against in expansive projectiles are 
wedging and balloting. 

Wedging is a common fault of all projectiles fitted with hard sabots, to 
expand which into the grooves of the gun it is necessary for the gases of discharge 
to separate from the shot. This feature is illustrated in Eig. II., Plate I. Here 
the expansion of the sabot into the rifling is accomplished by the entrance of the 
gases between the sabot and the base of the projectile. It will be .seen at once 
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that the tendency is to strip the ring from the shot, while the tendency to pry 
off the wedge-shaped pieces, *, *', is too apparent to require explanation. These 
iron wedges are almost invariably found to he deeply impressed by the lands of 
the gun, and the accompanying pressures are frequently very great. The larger 
the calibre of the gun, the more liable is this difficulty to occur, and the prema- 
ture bursting of several heavy rifles may be correctly attributed to this cause. 

In the case of the soft-sabot projectile, not only is the soft metal forced into 
the rifling, but it is likewise squeezed over the body of the shot, closing up all 
windage, and practically wedging the projectile into the bore of the gun in a man- 
ner scarcely less objectionable than that just described. This detention of the 
shot materially augments the pressure ; and if at this moment the shot could be 
freed from unnatural restraint, the velocity might be increased. Unfortunately, 
however, the higher the pressure, the tighter the wedging and the greater the 
friction, and we frequently find a reduced velocity the accompaniment of an 
enormous pressure. 

Other forms of sabots are intentionally so constructed as to take the grooves 
by the Avcdging of the sabot over the base of the shot. This system I deem 
highly objectionable at the outset. 

^Ncxt to Avcdging or the temporary lodgment of a projectile in the bore of a 
gun, balloting is an evil to be avoided, and is undoubtedly a source of great 
injury to the gun, not only of itself, but because it frequently leads to a compli- 
cation of difficulties, such as stripping, Avcdging, breaking, etc. The balloting 
of spherical projectiles is avcII understood, and, as the number and intensity of 
the ballots or rebounds is constantly changing, Ave have an ever-varying angle 
of departure of the shot, and consequent inaccuracy. Of the intensity of this 
balloting it is difficult to speak with any dctiniteness. If the material of the 
gun be soft, such as bronze or Avrought iron, the effects arc speedily mani- 
fested in the enlarged and battered surface of the bore. In guns of harder 
material, such as steel and cast iron, this effect is less appreciable, but it is 
impossible to say Avhat effect the repeated and Anient Woavs of balloting pro- 
jectiles may have upon the harder materials of gun-construction.* 

I have never seen any special allusion to the balloting of elongated projectiles, 
certainly none prior to my report on the subject in the spring of 1870,f and yet 
I am convinced that it is a matter for much more serious consideration than in 
the case of smooth-bores. Balloting is especially liable to obtain in soft-sabot 

* It is my belief that, by the use of a proper form of sabot, balloting in smooth-bore guns could be 
prevented ; and if this be found to be the case, the sabot should never be. omitted. See Plate XX., Fig. II. 
f "We are beginning- to hear a good deal now of the "wriggling" of English projectiles. 
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projectiles, where windage is completely closed, and the projectile is centred 
only at its base. 

To illustrate the cause of balloting, its bad effects and injurious tendencies, 
reference is had to Fig. I., Plate IT., which represents a soft-sabot projectile 
with exaggerated windage. The first effect of the discharge is to expand the 
sabot, * s, into the grooves of the gun, shutting off all windage ; and, if we 
assume this expansion to be uniform, the rear of the projectile will be centred — 
i.e., the centre of figure of the base of the shot will be placed in the axis, FF, of 
the bore ; but F F is also the resultant of the forces of discharge, and, while the 
rear of the shot is centred, the front part is not so, but rests upon the bot- 
tom of the bore at T. Tsovr, the line of direction, F F, passing through 0, and 
above the centre of gravity, G, of the projectile, the point, 11, of the latter is 
forced upon the bottom of the bore at T ; from this point it rebounds, and the 
point R' strikes the bore at T'. From this point the projectile is thrown off 
with increased violence against the point T ', and so on throughout the bore 
each blow is more violent than the preceding one, owing to the increasing 
velocity of the projectile and the impetus gained from its previous contact with 
the walls of the gun. 

That balloting under such circumstances is extremely violent cannot, I 
think, be doubted ; but it would be difficult to form any estimate of its force. 
If we assume the projectile to be 12 inches in diameter, with a windage of 0.10 
inch, and acted upon by a pressure of 60,000 pounds per square inch, then, knowing 
the length of the shot, it might be found that the pressure of R upon T would be 
14,000 pounds. What is a pressure at T, however, becomes a blow at T , and, as 
has been stated, these blows increase in violence with each successive ballot, but 
in a ratio not easy to determine. Even any estimated pressure at T must be 
incorrect, as the projectile would doubtless commence to ballot before the maxi- 
mum pressure was attained. This, however, would in no way diminish the 
effect of the subsequent rebounds. Although the force of these blows cannot be 
absolutely calculated, an idea of their intensity may be formed from the effect 
produced, lumbers of these projectiles have been recovered which have borne 
indelibly the marks of the lands upon their hard surfaces, and in some instances 
deep impressions of the rifling have been left upon the front end of hard iron 
projectiles. 

The effect of balloting, however, is by no means limited to such injury as the 
bore of the gun may sustain from it ; for it naturally leads to other evils, such as 
lodging, wedging, upsetting, etc. — results which have proved disastrous to many 
guns. Balloting is, in effect, a lodgment or binding of the projectile ; it is an 
interruption to the free egress of the projectile from the bore, and hence practi- 
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cally amounts to an obstruction. It is illustrated in every day's experience, in 
the binding of bureau-drawers, or of windows which, from " wobbling," come 
even to a dead-lock as we attempt to raise or loAvcr them ; also in the destructive 
vibration or "chattering" of loosely-fitting machinery, where it is far more 
economical to increase the friction by too tight a fit than to assemble the parts 
too loosely ; yet the most rapid and violent movements of machinery are but 
feeble in comparison with the intense action of a projectile in the bore of a gun. 

The resistance which balloting opposes to the free passage of the projectile 
through the bore of the gun naturally augments the powder-pressure behind it, 
whereby not only is the violence of balloting increased, but the sabot is expanded 
more tightly than ever against the bore, scaling effectually every possible avenue 
of escape for the gases ; a pressure is attained which forces the sabot over the 
body of the projectile, wedging the latter in the bore, and doubling up the 
pressure again, so that, if the gun survive the ordeal, the projectile is found 
stripped of its sabot and deeply marked by the lands of the gun. With pro- 
jectiles so acting, the mildest of powders will become " brutal " and the finest 
gun-constructions must succumb. 

Such results do not, of course, invariably obtain ; on the contrary, a majority 
of the projectiles arc found with their sabots intact and a fair impression of the 
rifling upon them. The sabot has been partly sheared away, and, though partly 
closed up again, a slight escape of gas has occurred, everything has happened to 
go well, and a maximum pressure from any irregularity of the powder has fortu- 
nately been avoided. Balloting may, nevertheless, have obtained — a fact fre- 
quently proved by the erratic flight of the projectile ; for, its last rebound occur- 
ring as it is leaving the gun, the front end of the shot is no longer restrained by 
the walls of the gun, and hence a great tendency to turn end over end, in spite 
of the rotation due to the twist of the gun. The result is a compromise of 
motions anything but satisfactory. I have observed numbers of such projectiles 
which, when recovered from the butt, have shown every indication of having 
taken the rifling thoroughly, and yet, when fired at moderate angles for range or 
target, have yielded a large percentage of " irregular " flights. Balloting here 
has obtained, not with sufficient violence to injure the gun or projectile, or even 
to augment materially the pressure, but just enough to cause unsteadiness of 
flight. 

In support of the foregoing views I have given on the following page a 
table compiled from official records of firing with three 8-ineh, two 10-inch, and 
three 12-ineh rifles. Glancing down the second column, it will be seen that in 
nearly every instance two or more consecutive rounds have. been selected for 
comparison with each other. 
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TABLE I. 

Showing the irregularities of powder-pressure due to the balloting and wedging of rifle projectiles 
of large calibre. From records of experimental firing, from 1866 to 1871. 
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The contrast in pressures and velocities might, indeed, have been made 
more glaring by selecting the smallest of a series always for comparison with 
the iargest; but the table is probably more instructive as it is, and exhibits 
forcibly the dangers to which our heavy rifles have been exposed. A projectile 
of moderate weight, for example, is fired with a very moderate charge, and the 
pressures and velocities for one or two rounds bear something of a proper rela- 
tion to one another. Suddenly, without any apparent reason, the same kind 
and weight of projectile, fired with the same charge from the same " lot " of 
powder, comes from the gun stripped of its sabot, scored and abraded by the 
rifling, and tumbles through the target screens with a greatly reduced velocity, 
while the pressure indicated is perhaps beyond the capacity of the gauge to 
record. 
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The foregoing table comprises but a few of many such "anomalies" to be 
found in the records of past experimental tiring with expanding projectiles. 
Precisely the same irregularity of pressures and want of correspondence between 
pressures and velocities is now the subject of much complaint in English experi- 
ments with the Woolwich (stud) system, while the record of the plane-grooved 
projectile is no better. 

In some cases in the foregoing table, the projectiles not having been recovered 
for examination, their condition after firing is not known. By glancing down 
the column of " remarks," however, it will be found that any marked irregularity 
or misconduct on the part of the projectile is almost invariably accompanied by 
an enormous pressure, and perchance a burst gun. The first gun on the list 
would appear to have given a most creditable endurance, and, although the great 
majority of projectiles fired from it were less than 130 pounds, and were fired 
with charges generally of ten and twelve pounds, yet as the projectiles were 
mostly experimental, and behaved badly, very many high pressures were 
recorded. Even 148 pounds must be conceded a very light shot for an 8-inch 
rifle, and, fired with only 14£ pounds of Xo. 5 powder, we had no right to expect 
the enormous pressure (150,000 pounds) recorded when the gun burst ; the 
stripped and mutilated projectile, however (fortunately recovered), explains the 
mystery of an enormous strain and a burst gun — results which otherwise would 
doubtless have been pronounced " anomalous." 

Tn the third and fourth examples furnished the report simply states that 
"the soft metal was forced over the projectile"; this, however, is sufficient to 
account for the disproportionate pressures obtained. In the fifth and sixth 
examples there are no remarks, and one velocity was unfortunately lost ; but we 
observe that three additional pounds of " lens " or " button " powder has unac- 
countably (?) quadrupled the pressure. The inference is perfectly reasonable 
that the projectile behaved properly in the one case, and not so in the other. 
Examples 7, 8, and 9 are very instructive. We have here two consecutive 
rounds in which the projectiles behave well ; the pressures are within reasonable 
limits, and the velocity good for the charge. At the next round, however, with 
less weight of the same powder and projectile, the latter " strips badly " ; the 
pressure is trebled, while the velocity is diminished two hundred feet. 

Examples 10, 11, and 12 refer to an 8-inch Parrott gun, which, as shown in 
the table, burst at the third fire. The projectiles had brass sabots, intended to be 
expanded into the grooves by the entrance of the powder-gases betiveen the sabot 
and the shot. I am certainly not ready to believe that this gun would have 
burst under the powder-pressure of 100,000 pounds per square inch indicated by 
the gauge, unless such pressure was long sustained or repeated; but such a 
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pressure would give 5,000,000 pounds upon the base of the projectile, and this 
force, acting upon the projectile as a wedge (see Eig. I., Plato I.), would be very 
apt to open the gun. This same wedging would, of course, diminish the velocity 
of the shot, as would also the opening of the Avails of the gun before the shot 
had cleared the bore. Accordingly, we find a velocity of 800 feet, when it would 
be reasonable to expect from such a pressure behind so light a shot a velocity at 
least double that recorded. 

Resuming our inspection of the table, in examples 13 and 14 we have the 
too common anomaly (?) — the lesser charge with the same weight of projectile 
giving the vastly larger pressure. 

In examples 15 and 10 are given the only rounds which have been fired, 
until quite lately, from a new 10-inch Rodman rifle. Here will be observed the 
same extraordinary jump in pressures Avhich has so often obtained in practice 
without a proportionate increase of velocity. 

We now come to the heaviest rifles. The twenty-fifth and thirtieth rounds 
will do for comparison. At the last round, with a light charge, the projectile, a 
light one, stripped, and the gun burst under a pressure of 88,000 pounds per 
square inch. This gun was known as the " Atwatcr rifle." 

Examples 19, 20, 21, 22, 23, 24, and 25 next claim attention. We have here 
the same old story of stripped and wedging projectiles, of balloting and lodging 
of a violent description, of tremendous jumps upward in pressures, and downward 
in velocities, and at last of a burst gun, repeatedly taxed beyond all reason. 
Observe that in the fourth round from this gun a charge of 51| pounds of mam- 
moth powder, with a projectile of 646 pounds, gave 32,000 pounds pressure and 
1,088 feet velocity. There certainly seemed full justification for an increase in 
the charge, and accordingly, at the sixth, seventh, and eighth rounds, charges of 
70 pounds were employed. As a result, enormous pressures, calculated to 
exceed 150,000 pounds and 200,000 pounds per square inch, were obtained, and 
yet the velocities were absolutely less by an average of 120 feet than when the 
pressure was but 32,000 pounds with the lighter charge. Nothing but the ballot- 
ing and wedging of the projectile could produce this state of things; and if 
further evidence of the fact were wanting, a glance at the stripped and mutilated 
projectiles would probably be sufficient. 

These tremendous strains proved too much for the gnu, and hence numerous 
well-defined cracks and minute fissures began to appear distinctly in the bottom 
of the bore, and it was believed that the gun had about reached the limit of its 
endurance. It was, nevertheless, fired subsequently some twenty rounds, the 
pressure varying from 37,000 pounds to 88,000 pounds. Five years later it was 
decided to use this gun in a limited series of experiments with perforated cake 
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powder, which was confidently expected by the officer in charge to yield very 
low pressures and but moderate velocities; and, indeed, subsequent trials of 50- 
pound charges in a 15-inch gun gave pressures scarcely reaching two tons per 
square inch, being quite uniform and confined between the limits of three and 
four thousand pounds. The charge employed in the rifle was 70 pounds of cake, 
with one pound of mammoth, to fill the space about the pressure-plug, and a 
projectile under 000 pounds weight. The result I have good cause to remember, 
first, from the striking corroboration afforded of the correctness of a theory of 
balloting and wedging long entertained ; and, second, because a large fragment 
of the burst gun fell close beside me, where I stood in fancied security behind a 
heavy smooth-bore. The pressure indicated by the gauge was about 100,000 
pounds. The gun burst into nine fragments ; the projectile, deeply marked by 
the rifling near the head, was detained in the bore not only long enough to 
augment pressure, but for the heat to melt the sabot, the shot then making a 
sluggish escape, the velocity being but G31 feet. The sabot of the projectile was 
entirely stripped from it, melted and spattered through the fissures and over the 
fragments of the yielding gun. Not a fragment of the sabot was recovered ; a 
perfect helix of mashed lands marked the course of the projectile through the 
bore, and the pressure indicated would no doubt have been vastly greater but 
for the yielding of the already over-strained gun. In fact, the three previous 
pressures of 200,000 pounds and 150,000 pounds to the square inch, supplemented 
by twenty additional rounds, had probably brought the gun close to the limit of 
its endurance, and its possible bursting at the first subsequent round was antici- 
pated in a letter to the Army and Navy Journal scarcely more than twenty-four 
hours before the actual occurrence of the fact. 

We come now to the last two lines of the table, Nos. 26 and 27. These are 
the only two rounds ever fired from a 12-inch Kodman rifle at Fort Delaware, 
and the only gun of its class now r in service. Unfortunately, there were no 
facilities for taking velocities. The projectiles were of good weight, but the 
charges were moderate, and, being of the best available mammoth powder, only 
moderate pressures M ere, I presume, anticipated. One projectile chanced to go 
well ; observe that the pressure, although high, is not necessarily dangerous. 
At the next round, however, the projectile stripped, and we have doubtless the 
same old story of balloting and wedging, and a pressure, carefully estimated on 
the Rock Island testing-machine, of 240,000 pounds per square inch. 

This lodgment or detention of the projectile by balloting or wedging— a fact 
which I believe has been satisfactorily proven to have frequently occurred — not 
only increases directly the strains of the powder-gases, besides exerting more or 
less i < wn r.s a wedge, but sustains and prolongs them, and that, too, through a 
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longer portion of the bore, until all assistance due to the inertia of the mass of 
the gun is completely neutralized, and the chances of bursting are thereby and 
to that extent increased. There can he no doubt, of course, that the natural 
power of large guns to resist rupture is directly and materially aided by the 
inertia developed in the great mass of the metal itself, the natural reluctance of 
such a mass to change its normal condition of rest. Change, therefore, a high, 
quick pressure of short endurance for one of equal intensity but longer duration, 
and the chances of a burst gun are vastly increased. 

It follows, therefore, that by the misconduct of a projectile by balloting, 
wedging, stripping, etc., the gun is subjected to five principal dangers, any one 
of which is apt to lead to others, and all of which are liable to operate at the 
same time. 

1. An immediate increase of pressure, directly due to the jamming of the 
projectile. 

2. A further increase of pressure from the possible disintegration of the 
powder, especially in the case of cake or prismatic, and its more rapid combus- 
tion under such circumstances. 

3. The projectile having moved some distance before lodging, the maximum 
bursting strains are extended through a greater length of bore, and the danger 
of rupture is further increased with the increased distance of the resultant 
of these forces from the bottom of the bore. 

4. The lodgment of the projectile compels the gun to sustain what is at best 
perhaps a dangerous pressure, until all assistance derived from the inertia of the 
mass is nullified. 

5. The projectile, operating as a wedge with a pressure of millions of pounds 
upon its base, tends powerfully to open the gun. 

The simplicity of the expanding system strongly recommends it for muzzle- 
loading guns, and especially for field calibres, where rapid firing is a desideratum. 
Its advantages, indeed, arc numerous and well acknowledged, but the defects of 
different projectiles of this class have been so many and serious as to more than 
counterbalance, in the opinion of many, the admitted advantages of the system. 

The principal defects which have been conspicuous in field-projectiles of the 
expansive class are : 1. Failure to take the grooves. 2. Inaccuracy from that 
and other causes. 3. Stripping. Moreover, in large calibres, as has been explain- 
ed, are two additional objections — far more serious in large than in small calibres 
— namely, 1, balloting ; and, 2, wedging. When we add to this all the faults 
arising from errors of manufacture, use of poor material, etc., and bear in mind 
that all our projectiles have heretofore been light, and have always been fired 
with small charges, our record is by no means a flattering one. 
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It is luy belief that all these objections and defects may be successfully 
met and obviated in the system of rifling and projectiles now about to be 
described. Indeed, without in any degree altering the plans of rifling at present 
prevailing in our rifled guns, it is believed that admirable results may be ob- 
tained, and that the proposed projectile may be successfully fired with almost 
any form of groove. 

Upon Plate III. is shown in full size a 3J-inch field-projectile, that being a 
calibre now officially adopted in the service. 

It will be seen that the rotating device consists of the double-lipped annular 
band or " sabot," B, attached to the base of the projectile by one of several 
methods to be described. The narrow cannelure, E, between the upper and 
lower lips of the sabot, distributes the gases of discharge so evenly that the 
slightest irregularity in the expansion of the upper lip has never been discovered ; 
whereas in all projectiles which procure expansion by the entrance of the gases 
between the sabot and the body of the projectile, as also in certain forms of 
sabots which cover the entire base of the shot, it is frequently found that the 
eabot is very unevenly set up ; i.e., it is forced out more on one side than the 
other. 

In the expansion of the upper lip into the rifling, no matter how violent 
the pressure (and a test of 100,000 pounds per square inch has been designedly 
applied), the junction of the sabot and projectile along the line a a is always as 
smooth and perfect as before firing — an advantage which will be specially referred 
to hereafter. While, however, the upper lip, O, is freely expanded into the 
grooves of the gun, the lower lip, P, is pressed upon the body of the projectile 
with an intensity proportionate to the force of discharge, thus not only causing 
the ring to hug the projectile tightly, but, as a gas-check, preventing the entrance 
of gas betAveen the ring and the iron body of the projectile. Stripping is 
thus effectually prevented; whereas, in all projectiles where the gas finds entrance 
between the sabot and the projectile, there is a violent tendency to strip them 
apart — a fact too often accomplished. 

The expansion of the upper lip being exceedingly limited, owing to the restraint 
of the bore, the only way this projectile could strip would be to tear off the upper 
lip in conveying to the projectile the rotation due to the twist. Experiments 
made to determine this point with 3-inch projectiles weighing 111 pounds and 
under pressures of 75,000 lbs. per square inch, showed that a thickness of one- 
sixteenth of an inch was unaffected by this strain. The grooves of the gun 
being somewhat rounded, the sabot bore marks of having slipped over the lands, 
probably toward the muzzle, where the gas-pressure was light, In other 
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words, the sabot was strong enough, but not stiff onough, to secure a proper 
u bite " into the rifling. 

We have seen how the lower lip, P, of the sabot is pressed upon the base of 
the projectile by the force of discharge. Acting thus effectually as a gas-check, 
and excluding the gases from the surfaces of contact of the two metals, not only 
is stripping prevented, but likewise the breaking off of pieces of iron from the 
body of the projectile at the junction of the latter with the sabot ; this because of 
the limited expansion of the upper lip, and the consequent slight crowding of 
the metal at its shoulder. Moreover, as the sabot is kept firmly in place by the 
downward pressure upon the lower lip, there is no tendency of the sabot to rise 
above the surface of the shot at ff, carrying pieces of iron with it. Again, any 
pressure which obtains between the base of the projectile and the sabot is normal to 
the bevelled line, a c ; and the angle at a being obtuse, and therefore strong, can- 
not, it is thought, yield, even if of most inferior metal, under high pressure ; 
indeed, before it could do so, the sabot would undoubtedly u ride up " on the 
inclined surface, a c. 

A wide margin obtains for all errors of manufacture, as it is found that very 
considerable variations may exist in the thickness of the upper lip without affect- 
ing the satisfactory action of the projectile. It is only when it is a question of 
extreme accuracy that the best relation between the weight of projectile and thick- 
ness of sabot need be considered ; which relation, once established, need never be 
departed from. The principle of the double action of simultaneously taking the 
rifling and gripping the shot is such that sabots exceedingly light and delicate 
prove ample for rotating the heaviest projectiles. The inherent .strength of an 
excellent material may be thus developed to its fullest extent, or we may obtain 
the widest possible margin of safety. I have designedly h'red these projectiles 
when the sabots were full of flaws, with results as faultless as though they had 
been perfect. Projectiles on which the sabots were loosened, when tired from the 
gun came out tight and secure. It would seem impossible for any of these pro- 
jectiles which had passed the most cursory inspection to fail in the slightest 
particular, from any cause of the sabot, at least. 

Admitting that all other objections to the expansive system have been over- 
come, the question may be asked, How is balloting to be avoided in a projectile 
centred only at its base 1 ? I maintain that if balloting cannot be prevented 
absolutely in this system, its damaging and dangerous tendencies may at least be 
altogether avoided ; and, further, that if balloting be so far corrected that it can- 
not even cause any irregularity in the flight of a projectile, it is safe to assume 
that it cannot obtain in sufficient violence to prove hurtful to the gun. 
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I have discussed, having reference to Fig. I., Plate II., the case of balloting 
in a soft-sabot projectile where the gases of discharge are entirely shut off by 
the expansion of the soft metal base ; where, as it were, there is no safety-valve 
through windage, but, an contraire, where the higher the powder-pressure, the 
more herinctical is the sealing of windage. 

This closing of windage does not, however, occur in the double-lipped, hard- 
sabot projectile under discussion, where the depth to which the sabot is expanded 
into the grooves depends, for the same charge and weight of projectile, upon the 
width and depth of the grooves, and upon the thickness or stiffness of the upper 
lip, which may be stiffened either by increasing its thickness or by diminishing 
its length — i.e., the depth of the annular channel, E. In practice, these projectiles 
have been fired only from the 3-inch guns having seven grooves one-tenth of an 
inch in depth and an equal number of lands of equal width ; from an 8-inch gun 
having nine grooves .075 inch deep and 1.50 inch wide ; and from a 10-inch gun 
having fifteen grooves .09 inch deep and 1 inch wide. In all these guns, 
especially in the 8-inch, the upper lip has been expanded into the grooves more 
completely than I desire, yet the practice has been most excellent, indicating the 
good effect of even the smallest escape of gas. 

Fig. II., Plate II., shows the manner in which the upper lip of the sabot is 
expanded into the grooves at a position near the muzzle of the gun. The bearing 
edge, K, having become deepened by attrition in the passage of the projectile 
through the bore, it is clear that at the seat of the projectile, and during the 
early acceleration of its velocity, the unoccupied angular portions of tin; grooves 
were larger than at the muzzle, although at best such difference must be trifling, 
since, owing to a slight slip at I, caused by attrition of the opposite side, the 
unoccupied space at i must be increasing in nearly the same ratio as K closes. 

Referring again to Plate I., Pig. III., instead of supposing the escape of gas 
through windage to be effectually shut off, let us suppose that the double-lipped 
ring is employed, and that under a pressure of 50,000 pounds per square inch the 
upper lip so nearly fills the grooves that nineteen-twentietlis of the entire wind- 
age is closed. There will, nevertheless, escape through the unfilled angular 
portions of the grooves an amount of the forces of combustion which, in the 
aggregate, distributed about the exterior surface of the projectile, will have a 
material tendency to buoy and support it (the base being already centred) 
throughout its passage in the bore. Especially since this supporting medium is 
passing over the projectile with a velocity vastly greater than that of the pro- 
jectile itself, and although the pressure per square inch of the escaping gas upon 
the surface of the projectile be not definitely known, yet it must exceed man v 
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times the weight of the projectile itself per square inch of its surface in front of 
the sabot. Suppose a bar of iron to be suspended freely from one end, and let 
down vertically into a swift-running current of water until it is wholly sub- 
merged ; the pressure of the rapid stream tends strongly to deflect the bar from a 
vertical position, and it assumes a certain angle with the surface of the stream. 
Xow, substitute for this bar of iron, one of no greater specific gravity than the 
water itself, and it will quickly assume a position parallel to the surface of the 
stream. I am satisfied that this is but a feeble illustration of the effect of the 
rush of powder-gases over the surface of a projectile when centred at its base. 
In the particular case under consideration nineteen-twentieths of the windage 
is closed, and through the parti} 7 obstructed grooves the gas of discharge is 
forced under a pressure of 50,000 pounds per square inch, and is immediately 
afterwards dispersed through a space twenty times larger in cross-section than 
that through which it escaped from behind the projectile. The pressure about 
the projectile is, therefore, correspondingly reduced ; and it is still further reduced, 
probably, from various causes ; but I much question if, in the case in point, the 
average pressure upon the surface of the shot in front of the sabot would not 
approximate 2,000 pounds per square inch.* As it is a remarkably heavy pro- 
jectile which will weigh one pound per square inch of its cylindrical surface, is it 
not reasonable to suppose that a medium so dense, rushing over a projectile 
centred in the rear (and which projectile bears a more feeble relation to the 
great force surrounding it than docs a feather to a gale of wind), must tend power- 
fully to check balloting •? And is it likely that balloting, under such circum- 
stances, if it occur at all, must lose all its dangerous and vicious tendencies 1 It 
is a different story, indeed, when windage is hermetically sealed, when there is 
no safety-valve for the rapidly-developed gases : for then balloting or wedging 
begins ; the pressure increases ; it may be that the limit of endurance of the 
powder grains or prisms is reached ; the powder disintegrates and consumes with 
a flash ; the projectile, for every increase of pressure behind it, opposes fresh 
resistance to its own egress, and we may count it fortunate that it escapes from 
the bore uninjured. 

The breech-loading projectile (lead-coated), it is true, shuts off windage, but 
it is centred throughout its length, or at least siqyported through its cylindrical 
portion, and cannot therefore ballot, nor is it likely to wedge or jam in the man- 
ner here alluded to. 

The value of a limited windage as a promoter of accuracy may, I think, be 

* This pressure upon the cylindrical part of the projectile could doubtless be readily determined by 
screwing into tho side of the projectile a pressure-gauge with ft delicate knife. 
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readily shown ; indeed, its advantage in this respect is quite marked. Innume- 
rable instances are afforded where projectiles of the expansive class, with soft 
sabots, have given a large percentage of fluttering or irregular flights ; and yet, 
after examination of many recovered shot, a fair impression of the rifling indi- 
cated that the full value of the pitch had been taken. This apparent anomaly is 
to be explained on no other hypothesis than that balloting occurred, as shoAvn 
in Fig. I., Plate II., not with sufficient violence to injure materially either gun 
or projectile ; but the latter, cleared of the restraint of the bore at the last 
rebound, had no recourse but to take up the double motion of rotation about a 
point as well as its axis, yielding flights variously characterized as " irregular," 
"wild," "wobbling," " puffy," or " tumbling"; although "tumbling" — i.e., the 
turning of the shot end over end in its flight — is not apt to occur when the 
" rifle motion " is imparted, unless balloting be excessively violent. 

Having advanced the assertion that a very limited windage over an expan- 
sive projectile, centred in the rear, will so far reduce the violence of balloting 
as to render it harmless to gun and projectile, I have next to assert, with equal 
confidence, that a, proper windage (still small, however) will not only accomplish 
this desideratum, but will so far obviate balloting as to ensure to the projectile 
infallible smoothness and steadiness of flight — granted, of course, that the sabot 
performs its function of imparting to the projectile the full value of a proper 
pitch. The use of the projectiles under discussion ensures this windage, and to 
this fact I largely attribute their infallible accuracy and smoothness of flight. 

I have already alluded to the frequent occurrence of irregular flights of 
expansive projectiles which closed all windage, when there was every reason to 
believe the rifling to have been perfectly taken by the sabot ; and in further sup- 
port of the position I have taken on this question, I may mention a fact on 
official record, that in the course of upwards of one hundred rounds with the 
proposed projectile such a thing as a fluttering or in the slightest degree 
unsteady flight has never been discovered. A further proof of the correctness 
of this theory may be afforded in an interesting experiment made by Colonel 
Baylor to test the strength of the new sabot. 

It will be observed that the upper lip of the split or grooved ring may be 
made so thin as almost entirely to check windage, and yet, as has been explained, 
possess sufficient strength to rotate the heaviest shot. It may also be made so 
extremely thin as to close windage while the projectile is getting under Avay, but, 
through sheer lack of stiffness, ride over the lands toward the muzzle. This 
property of the projectile has quite inadvertently furnished an additional test of 
the effect of windage on the accuracy of expansive projectiles. After two 
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series of experiments with projectiles of 10J, 11J, and 12| pounds, in each of 
which cases superior accuracy was shown, about twenty of the same projectiles 
were made 12| pounds each in weight, and fitted with very thin and delicate 
sabots. These shot were fired from the same 3-inch gun previously used. The 
sabots proved abundantly strong, rotated the projectiles perfectly, as could be 
judged by those recovered, and every flight was smooth in sound. But while 
the perfect action of the sabots, together with the fact that all windage was 
probably not closed, prevented any unsteadiness of flight, still the contrast in 
accuracy presented to the previous firings, where the sabots were not allowed to 
set up so freely into the grooves, indicated clearly that the projectile could not 
have been absolutely steady in the bore of the gun. The great weight of these 
projectiles — of the same size and shape as those previously fired — combined with 
the lightness of the sabot, would, of course, cause the latter to be well set up into 
the grooves. All the gas, however, was not shut off ; and although balloting did 
not obtain to an extent sufficient to cause a " fluttering " flight, yet it caused a 
deviation from the true line of departure of the projectile only reconcilable with 
the probability of too much weight of metal to support and too light an envelope 
of gas to support it. And in general it is safe to assume that whenever the 
flight of a projectile is observed to be smooth, steady, and accurate, it is the best 
primd facie evidence in the world that balloting lias not obtained ; and, on the 
other hand, the full value of the twist may be communicated to the projectile, 
and yet the latter give a very irregular flight ; and when this is the case, and the 
rotating device — whether a sabot, jacket, or studs — is uninjured, it is good evi- 
dence that balloting has occurred, and to an extent or violence very clearly indi- 
cated by the flight, according as it is irregular, very irregular, puffy, or wobbling. 
Bear in mind that I speak only of cases where the rotation of the projectile is 
assured ;. for, failing this, there might be no balloting, yet the projectile would, 
of course, soon after leaving the bore, " tumble " from its natural tendency to 
rotate about its shorter axis. 

Admitting the correctness of these views in the case of expansive projectiles, 
it follows, 1, that the lighter the shot for a given superficial area, the more 
readily is it centred by the supporting gases ; and, 2, that for the same weight 
and exterior form of projectile, that which has the centre of gravity nearest the 
sabot will have the least tendency to ballot (under a proper gas-escape), and, 
therefore, possibly the smoothest passage through the bore. As nearly all pro- 
jectiles have the centre of gravity in rear of the centre of figure, this is a point 
always in favor of our expansive system. Once clear of the bore, it may be an 
advantage to have the centre of gravity in front of the centre of figure; but as 
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f he relative positions of these two points are subject to A ery limited changes, any 
advantage one way or the other is not worth a moment's consideration. 

In this discussion of the advantages of a moderate windage as applied espe- 
cially to our expansive system, I have not lost sight of the general advantages of 
windage, as so long ago recognized in France, England, and other countries. 
These advantages, briefly set forth, and of more or less value, are : 

1. Increased accuracy.* 

2. Much less fouling of the gun. 

3. Reduction of the pressure. 

4. Regulation of pressure. 

5. Less violent recoil. 

(). The surer ignition and more simple character of time-fuse. 

Something over one hundred of the 3-inch projectiles (similar in form to 
that on Plate IV.) have been tired, a few for range, some into the butt, and some 
at targets. Their record is very perfect, and shows : 

1. Very superior accuracy. 

2. Great steadiness and smoothness of flight. 

3. Not a single case of stripping. 

4. Xot a single failure to take the grooves. 

How long we might be able to continue firing these projectiles without a 
failure in any particular to record, it is impossible to say ; but, bearing in mind 
this record of a first attempt, the great strength of the shot, and the wide margin 
thereby afforded for all flaws, defects, or errors of manufacture, it is thought 
that the number of failures in any one of the above particulars would be but a 
small percentage at least. We consider it but indifferent small-arm ammu- 
nition which yields as high as one per cent, of failures ; and as the failure of a 
field-projectile is of far greater moment than of a small-arm cartridge, no effort 
should be spared to render our projectiles as nearly infallible as possible. If a 
field-projectile is inaccurate, falling short or beyond, to right or left, of the object 

' * Edinburgh Review, April, 1864: "The result of the more recent experience of the French artil- 
lerists proves that the suppression of windage diminishes the accuracy of fire. . . . When the pro- 
jectile is driven forwards to the muzzle of the piece by the expansion of gas generated by explosion, the 
point of time at which it leaves the gun decides its direction, and the slightest variation of pressure from 
within or without at that instant causes deviation in its subsequent flight. The absence of windage is now 
thought by the French to increase the probability of such accidental variation of pressure ; but when a 
portion of the gas generated by the explosion is allowed to escape by windage, as this gas travels four or 
live times faster than the projectile, it serves, as it were, to prepare the atmosphere for the ball, and to 
launch it on the straight line to its trajectory." — "Ordnance and Aimor," Holley, page 5-41 . 
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aimed at, it disturbs the aim of one or two succeeding shots ; while, if it strip, a 
casualty amongst our own troops from such a cause is more demoralizing than 
a hundred deaths from the missiles of the enemy. 

It is not my present purpose to discuss the relative merits of the breech and 
muzzle loading systems so much as to reveal their present defects and in each 
to propose a remedy ; yet it is fair to say that a chief argument in favor of the 
breech-loading system has always been its superior accuracy, and I venture the 
opinion that if equal accuracy can be assured with muzzle-loaders, a large 
majority of artillery officers will pronounce in favor of the simpler system of 
inuzzle-loading field-pieces, and especially in the expansive system, where the 
grooves have not to be fed by studs on the projectile, but where the latter are 
freely inserted and quickly driven home. 

Captain Xicaise, of the Belgian service, has written a memoir intended to 
prove the superior accuracy of the Belgian (Krupp) breech-loading field-pieces 
over every other system of which he has knowledge. The targets given on 
Plate IV., which represent practice Avith our new expansive shot, will be 
found to compare favorably with the best practice as recorded by Captain 
Mcaise. In making this comparison it should be borne in mind : * 

First, the target records published by Captain ^icaisc are selected from a 
large number of results ; and as he was probably aware that his readers would 
credit him with selecting the best records for publication, he has probably 
governed himself accordingly. On the other hand, the targets here given are 
the only ones available, our experiments being thus limited. 

Second, the Belgian experiments were so extensive that an exact graduation 
of the sights was doubtless effected by a suitable number of shot ; whereas, in 
our experiments, three shots were allowed with which to "feel" for each target. 
All the shots fired Anil be found plotted upon the targets, except four. 

Third, the Belgian projectile weighed but little over nine pounds, was fired 
from a gun 3.15 inches calibre, and with charges of 1\ pound of powder. In 
our experiments, it being a principal object to test the strength and other quali- 
ties of the projectiles independently of accuracy, one-half of the shells fired at 
1,500 yards were packed with lead balls, so that their weight exceeded eleven 
pounds each. This rendered the trajectory an exceedingly curved one, as the 
charge remained unchanged and less than one-eleventh the weight of the pro- 
jectile, whereas good practice required it to be at least one-eighth. 

Fourth, the powder employed was irregular, being about ten years old, and 
obtained from broken-up ammunition. 

* Letter to Army and Navy Journal. 
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Taking into consideration, tlicn, those facts, I think there is no question 
that, good as our .practice must be pronounced, it can be excelled without diffi- 
culty under circumstances as favorable as those under which the Belgian prac- 
tice probably occurred. 

The target at 820 yards, which I here take the liberty to reproduce, is from 
the official records of experimental firing with the 3-inch gun at Fortress 
Monroe on April 20, 1871. The firing at 1,500 yards occurred July 18, 1871. 
This last target would be better ; but observing that the shot were clustering too 
low, the gun was raised upon the target, with the effect observed, viz., two clus- 
ters separated by a considerable interval. Make allowance for this, and the 
breech-loader is beaten even at a disadvantage of nearly 200 yards in the dis- 
tance fired over. I see no reason, therefore, to doubt that the best practice here- 
tofore obtained with breech-loaders can be equalled without difficulty in this 
country with our muzzle-loading guns. As to the European muzzle-loading 
systems (stud-projectiles), from the best information available, including the 
interesting data supplied by Captain Nicaise, it is believed that their practice is 
quite inferior. 

By reference to Prof. Owen's " Modern Artillery," Captain Nicaise's " Bel- 
gian Field Artillery," and to Colonel Baylor's official reports of experiments with 
the three-inch rifle, the following data are obtained: 



TABLE II. 

Comparative Velocity and Accuracy of Breech and Muzzle Loading Field- Projectiles. 



English B.L. 

" M.L. 
French M. L. 

a a 

Belgian B.L. 

a u 

U. S. M. L. 



3 
3 
3 
3 

3-09 
3.09 
3 



Weight 
of Charge. 



I* 



I* 



I± 
I* 
If 



8f 
9* 
8* 
8f 
9* 
9* 
11* 
9* 
9* 
9* 
9* 



Initial 
Velocity. 



Feet. 

1,176 
I,o66 
1,066 
1,220 
1,220 
1,052 
1,200 
1,300 
1,365 
1,400 



6.56 
IO.17 
2.69 
1. 6l 
4.12 
2.00 



4-59 
6.23 

3.18 
1.80 
1.41 
2 30 



8.05 

"•93 
4.16 
2.41 

4-35 
3.10 
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surpassed in accuracy and unequalled in many other qualities which go to make 
up a perfect projectile. 

The Ordnance Department having adopted the calibre of 3.5 inches for a 
field-gun, it would he wise, in my judgment, to abandon our present 3-inch rifle, 
and to substitute a lighter gun of smaller xalibre, say 2.5 inches or 2.7 inches. 
Plate V. illustrates the case-shot for a 2.5-inch gun and two plans of filling. 
The forty-eight segments of lead would make the heavier projectile, and each 
fragment possesses weight sufficient to do execution with moderate velocity. 
The sixteen lead balls, each weighing ounces, shown on the right, would 
prove effective at longer ranges and with lower velocities. A practical test 
would be necessary to determine the relative merits of the two plans. On Plate 
VT. is shown a 2.7-inch shell.* 

It is chiefly, however, in large calibres that the advantages of the proposed 
projectile will probably be manifested, and especially so in connection with 
certain slight modifications of our present forms of rifling already referred to, 
and which will now be briefly described. 

THE RIFLING. 

In discussing the action of the double-lipped ring in the bore of a gun, I 
have heretofore considered only the case where the gases of discharge find 
passage over the projectile through the unoccupied angular portions of grooves 
similar to those in our present rifled guns. I consider it highly desirable, how- 
ever, to slightly increase this windage, more especially in large guns, and thus 
place the satisfactory action of the projectile and, as far as may be, the safety or 
good endurance of the gun beyond a perad venture. 

If we conceive a system of rifling with wide grooves and very narrow lands, 
it is just such a system, of course, which best assures filling of the grooves by 
any expansive device under the explosive force of the powder. Now, conceive 

* A field-gun of this calibre would undoubtedly prove a most efficient arm — a 25-inch has already been 
adopted abroad. It would occupy the same relative position to the 3.5 rifle (16-pounder) that our mountain 
howitzer does to the G-poundcr and 12-poundcr smooth-bores, and would prove far more formidable, except 
with canister, than either of the latter guns, and scarcely less efficient than our present 3-inch gun ; it 
would, in fact, give better results than the 3-inch did during the late war, served as it was with poor pro- 
jectiles. Weighing scarcely half so much as our lightest field-piece, it could be placed in positions inac- 
cessible to heavier guns. Lightness, mobility, simplicity of equipment, cheapness, and the small force 
necessary to serve efficiently a battery of such guns, are advantages not to be gainsaid, especially if 
the gun should be proved to possess good range and accuracy. To enumerate specifically all the impor- 
tant uses to which such a battery would be put during an ordinary campaign is unnecessary, as this 
ground has been well covered by others. I think it probable that efficient guns of this and even larger 
calibre could be made from old material (bronze guns) now on hand. 
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these grooves to be gradually narrowed, it is clear that it will he more 
and more difficult for the sabot to till them, and they may be made so narrow 
as absolutely to prevent the sabot taking sufficient " bite " to keep the grooves 
during the passage of the projectile through the bore of the gun. Between these 
two extremes I have fixed what I deem a judicious width of grooves and lands — 
grooves which cannot be completely filled by the expansion of the upper lip of 
the sabot, and whose numbers are sufficient to assure a reasonable gas-escape 
through their unfilled portions ; and lands somewhat wider than the grooves — a 
provision which, besides conducing to the endurance of the bore, renders the 
firing of spherical projectiles, grape-shot, and canister practicable, with but 
little liability of the gun to sustain damage thereby, or to diminish the accuracy 
and effect of such projectiles. 

This plan of rifling is illustrated on Plate VII., which gives, in connection 
with the following table, the proposed rifling for every gun from 2^ inches up to 
15 inches calibre. 

TABLE III. 

Proposed System of Rifling for Muzzle-loading Guns. 



Calibre of 
Gun. 


Number 
of 

Grooves. 


Depth 
of 

Grooves. 


Width 
of 
Grooves. 


Pi 

Commencing. 


tch. 

Ending. 


Ultimate 
Pitch. 


Inches. 




Inches. 


Inches. 


Calibres. 


Calibres. 


Feet. 


2-5 


7 


O.O5O 


O.52 


68 


34 


7.08 


2.7 


7 


0-055 


O.56 


70 


35 


7.87 


3-o 


7 


O.060 


O.64 


72 


36 


9.OO 


3-5 


7 


O.065 


0.74 


76 


38 


I I.08 


4-5 


9 


O.O7O 


O.74 


86 


43 


l6.I2 


5-o 


9 


O.O7O 


O.83 


90 


45 


18.75 


6.0 


I I 


0.075 


O.81 


98 


49 


24.50 


7.0 


I I 


O.075 


0.95 


106 


53 


30.91 


8.0 


13 


O.080 


O.92 


1 12 


56 


37-33 


9.0 


15 


O.080 


O.9O 


118 


59 


44-2 5 


1 0.0 


17 


O.085 


O.87. 


124 


62 


51.66 


1 1.0 


19 


O.085 


O.85 


130 


65 


59-58 


12.0 


21 


O.O9O 


O.85 


136 


68 


68.00 


13.0 


23 


O.O9O 


O.83 


144 


72 


78.00 


14.0 


25 


O.O95 


O.82 


J 5o 


75 


87.50 


15.0 


27 


O.O95 


O.8 t 


156 


78 


97-5o 



The bottom corners of the grooves should be rounded to a radius of from 0.01 to 0.02 of an 

inch. 
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While it is thought that the above system is admirably adapted to the new 
projectile, yet, should it be thought advisable to secure a still more liberal gas- 
escape, with a view to the employment of projectiles of unusual weight or 
powder of especial violence, this end may be accomplished in the manner shown 
on Plate II., where the bottom of each groove is again grooved through its 
centre, as in A, Fig. III., or where the secondary groove is placed on the non- 
bearing side of the principal groove, as in B, Fig. III. — a position more favorable 
for a liberal gas-escape. Or, if it be thought objectionable to sub-groove the 
gun in this maimer (although the ultimate depth would be less than that of 
the English groove), additional gas-escape may be provided by the old plan of 
grooving the projectile for the ignition of time-fuses, or by providing channels 
communicating from the base to the cylindrical portion of the projectile. 

I have not lost sight of the objection urged against windage that the bore 
of the gun is " gutted " by the cutting action of the escaping gas. In the first 
place, this is an objection common to almost all systems (the soft-sabot expan- 
sive, perhaps, excepted). In the second place, the gas-escape here recommended 
is much less than that of the English, and less even than that of the breech- 
loading systems, where the gas rushes over the projectile as it lies in the cham- 
ber before closing windage by entering the bore ; and, finally, experience has 
proved that, with either cast or wrought iron guns, hundreds of rounds may be 
fired, allowing a moderate gas-escape, without any injury to the bore whatever. 
Indeed, this " scoring " action of the gases is but faintly manifested in rifled 
guns of cast iron, oven after a thousand rounds with expansive projectiles. 

The pitch of the rifling given in the foregoing table is almost identical with 
that of the few rifled guns now in our service (excepting, of course, the Parrott 
guns), and is only altered to an extent which makes it consistent as applied to 
different calibres. It is* clear that the pitch of the rifling need be no more than 
will suffice to keep the projectile invariably true throughout its longest flight ; 
and that if, after having ascertained as exactly as possible what such a twist 
would be, we increase it in a very moderate degree, we have all the rapidity 
desirable or necessary. 

Actual experiment at Fort Monroe having shown that a twist of one in one 
hundred in a 7-inch gun was sufficient to keep a projectile of 100 pounds true 
through a range of three miles, it is certainly safe to assume that a pitch of one 
in eighty would suffice for the longest range from such a gun. As the actual 
work, however, of giving to an ordinary projectile the rotation due to such a 
pitch would be but a small fraction of the actual work expended on the projectile, 
we can (although the resistance increases in a very rapid ratio with the angle of 
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rifling) affard tt> cjnsiderably increa30 the rapidity of pitch for calibres of seven 
inches and less. As we go up in calibres, however, the increase in the radii of 
gyration of the projectiles enables them better to sustain rotation, so that, their 
angular velocities baing less rapidly diminished by air-friction, less is required 
at the start. The Krupp 12-inch rifling has one turn in seventy-one feet, yet the 
large, roughened surface of the lead-coated projectile, after it leaves the bore, 
must cause this projectile to lose rotation much more rapidly than do the 
smoother projectiles of the expansive class. 

The rifling in the foregoing table is given with confidence that the pitch 
is amply sufficient even with moderate velocities and the smallest charges — as, 
for example, Avhere it may be wished to throw a siege-projectile but a moderate 
distance with a curved trajectory; and I am equally confident that a variation of 
twenty per cent, either way from such a pitch would still yield excellent results 
with our expansive system. 

It remains simply to be considered whether the pitch should be uniform or 
increasing. The advocates of the increasing pitch contend that the shot should 
be under as little restraint as possible in getting under way, and that rotation 
should be communicated and increased while the shot is acquiring its velocity. 
On the other hand, the advocates of the uniform pitcli claim that not only is such 
an end accomplished by the natural increments in the velocity of the projectile, 
but that when the projectile is just getting under way is the time when it 
can most profitably be given rotation. Without going over the somewhat trite 
arguments of either side, it is just to say that there are in the views of each 
points of value. While, however, both parties cannot be altogether right, both 
may very readily be wrong, and I submit the propriety of testing (and it could 
be safely adopted outright) a compromise pitch, by which is meant simply one 
which commences at the seat of the charge, with one-half of its ultimate value at 
the muzzle ; as, for example, a uniformly accelerating groove, commencing with 
one turn in a hundred and twenty, and ending with one in sixty. 

The English 12-inch 25-ton gun is rifled on this plan, although the pitch 
usually employed in that service commences at 0. The English system of rifling 
and projectiles is, however, so bad that it is doubtful if the compromise pitch 
possesses much advantage over the others. 

The gradual but steady improvement in gunpowder renders of less and less 
weight the argument for a full increasing pitch — that is, one where the tangent 
of the groove at the seat of the charge is parallel to the axis of the bore ; and, on 
the other hand, the uniform twist can only be desirable when the acme of per- 
fection in gunpowder has been attained, and, until such a desideratum is reached, 
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1 am persuaded that the proposed pitch is absolutely the best available, and Avill 
always be efficient, no matter how marked the future improvements in gun- 
powder. 

The following table will exhibit seme of the considerations which lead me 
to this conclusion. There is here taken the case of an 8-inch gun, rifled on three 
different plans, having in each case an ultimate pitch of one turn in sixty 
calibres. The assumed velocities are approximately correct, and are based upon 
the results of recent experiments with English " Pebble" powder, in comparison 
with the old " R.L.G.," " Service Pellet " and " Russian Prismatic " powders. 



TABLE IV. 



Showing the velocity of a projectile at different points of the here if an 8-inch rifle, and the circum- 
stances attending rotation in three different characters of "Pitch." 



Distance 
Moved 
by 



Uniform Pitch 



Pull incroa; ing Pitch. 



Shot - ! 4nh l 



i Revolutions 
1 of Shot 
per Sec. 





Feet. 


j Degrees., 


0 


0 


I 3 


0.000 




40 


3 


1. 000 




I2 S 


3 


3-125 


3 


220 


3 


5-5°° 


4 


300 


3 


7.500 


5 


375 


3 


9-375 


6 


445 


3 


"*25 


7 


495 


3 


I2 -375 


8 


54o 


3 


13-500 


9 


59° 


3 


!4-75° 


IO 


630 


3 


I 5-75° 




675 


3 


16.875 


12 


720 


3 


18.000 


18 


865 


3 


21.625 


24 


975 


3 


2 4-375 


3° 


".OSS 


3 


26.375 


36 


i>*3° 


3 


28.250 


42 


1,190 


3 


2 9-75° 


48 


1,240 


3 


31.000 


54 


I > 2 75 


3 


31-875 


60 


1.305 


3 


32.625 


66 


!>33° 


3 


33- 2 5° 


72 


i,345 


3 


33-625 


78 
84 


1,360 


3 


34.000 


i>37° 


3 


34.250 


90 


1:375 


3 


34-375 


96 


1,380 


3 


34-5°o 



Gain 
Every Six 


Angle of 
, Tan, with 
Axisof 


Revolutions 
of Shot 


^ Gain 
Every Six 


Angle of 
Tan, -with 


Revolutions' Gain 
j of Shot ; Every Six 
j par Sec. Inches. 




Degrees. 






Degrees. 


| 






0.0000 


0.000 




I.5000 


i 0.000 






0.0313 


O.OIO 




^S^ 6 ! o-5°5 






O.0627 


0.065 




I -53i2 


I-S95 






0.0941 


0.172 




1.5468 


2.836 






0.1254 


0.312 




1-5625 


3.906 






O.1568 


0.488 




1. 5781 


4-93i 




II. 125 


0.1881 


0.695 


O.695 


J -5937 


5.910 


5.910 




O.2195 


0.902 




1.6094 


6.639 






0.2408 


1. 125 




1.6250 


7-3*2 






0.2822 


i-35 2 




1.6406 


8.066 






o-3!35 


1.641 




1.6562 


8.695 






0.3449 


1.932 




1. 6719 


9.404 




6.875 


0.3762 


2.250 


i-555 


1.6875 


10.125 


4.215 


3- 62 5 


0.5644 


4-°55 


1.805 


1. 7812 


12.839 


2.714 


2.750 


o-75 2 5 


6.094 


2.039 


1.8750 


15.286 


2.447 


2.000 


0.9406 


8.242 


2.148 


1.9693 


17.308 


2.022 


!-975 


1.1287 


10.594 


2.352 


2.0625 


19.322 


2.014 


1.500 


1.3169 


13.0x6 


2.422 


2.1562 


21.382 


2.060 


1.250 


1-5050 


15-50° 


2.484 


2.2500 


23.250 


1.968 


0.875 


1-6931 


17.929 


2.429 


2-3437 


24.902 


1.652 


o-745 


1.8812 


20.391 


2.462 


2-4375 


26.508 


1.606 


0.625 


2.0694 


22.859 


2.468 1 


25312 


28.055 


!-547 


o-375 


2-2575 


25.219 


2.360 


2.6250 


29.422 


J -3 6 7 


o-375 


2.4456 


27.625 


2.406 


2.7187 


30.812 


1.390 


0.250 


2-6337 


29.969 


2-349 


2.8125 


32.109 


1.297 


0.125 


2.8846 


32.227 


2.258 


2.9062 


33-3oi 


1. 192 


0.125 


3.0000 


34-5°o 


2.273 


3.0000 


34-5°o 


1. 199 
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The English " Pebble " powder is very nearly the equivalent of our own 
" Hexagonal," and the table may be considered as exhibiting quite accurately the 
action of our 180-pound 8-inch projectile throughout the first eight feet of the 
bore when fired with a 30-pound charge. 

Froin this table it will be seen that, in the uniform pitch, nine-tenths of the 
work of rotation is done in the first forty-eight inches of the bore ; one-half of 
it in the first twelve inches ; and one-third in the first six inches ; while in the 
full increasing pitch the work of rotation is thrown almost entirely upon the 
muzzle portion of the bore, the breech end of the rifling doing comparatively 
nothing. Eor example, in the uniform pitch, the shot, when but six inches from 
its starting-point, is rotated at the rate of over eleven revolutions per second, while 
the full increasing pitch does not impart rotation at the rate of a single revolution 
per second in the same distance. Again, in the former rifling over one-half, and 
in the latter but one-thirtieth, of the ultimate rotation is imparted to the shot in 
the first twelve inches of its progress through the bore. 

As to the relative effect on velocity of these two plans of rifling, experience 
has proved that the difference is but slight, the retardation of the projectile in the 
breech of the gun by the uniform grooves having very nearly the same effect on 
the ultimate velocity as the checking of the projectile by the full increasing 
pitch as it approaches the muzzle of the gun, where the action of the gases is 
but feeble. 

Although it is thought that the proposed pitch will possess an advantage 
over either of the others in respect to velocity, it is for other and more import- 
ant considerations that the change is recommended. If we reflect upon the 
marvellously short time (0.0037 second) in which a projectile, in the first six 
inches of its course, is rotated at the rate of eleven times per second, or, in the 
case of the full increasing pitch, when we consider that the greater part of rota- 
tion is conveyed by the muzzle portion of the rifling in something like the .0035 
second, it will, I think, be acknowledged that in both systems the work of rota- 
tion is most unevenly and unwisely distributed throughout the bore, and is far 
from economically so as regards the " wear and tear " on both gun and projectile. 
Such distribution of the work of rotation must likewise, it is thought, retard 
velocity, while stripping or other misconduct on the part of the projectile will 
be more liable to occur in either of these systems than in the one proposed. 

Glancing down the last two columns of Table IV., it will be seen how 
uniformly the work of rotation is developed throughout the bore of the gun in 
the case of the compromise pitch. At a time when the projectile is getting 
under way, and has but a low velocity and slight friction, advantage is taken of 
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those circumstances to impose upon the rifling some of the work of rotation; 
avoiding, however, the two extremes presented in the other plans, of excessive 
work on the one hand and very little on the other. The lower half of the rifling 
accomplishes two-thirds of the rotation, instead of nine-tenths as in the uniform, 
or ttro-Jifths as in the full increasing pitch. 

It would he easy to adopt a pitch which, with a given powder (say that here 
selected for comparison), would distribute with absolute uniformity the work of 
rotation along the grooves; and while such a plan would, I think, be preferable 
to any of those now in use, yet il is thought that this work is distributed to the 
best advantage by the plan proposed, which shows for the lower portion of the 
bore slight increments of the work of rotation, and for the upper and weaker 
portion of the bore, and where the gases become more attenuated, a slightly 
decreasing rate of acceleration. 

It is believed that the compromise pitch here described possesses superior 
advantages over the other plans, and that its adoption would be attended with 
increased efficiency and endurance in both guns and projectiles, and that a care- 
ful inspection of Table IV. will afford good argument for such a change. 

Table V, presents an opportunity of comparing the ultimate pitch of our 
rifling with that of three of the principal European powers. The Russian, 
Prussian, and American are seen to compare closely, and although, as has been 
stated, our projectiles must lose rotation less rapidly than the roughened, lead- 
coated shot, nevertheless the angle of our pitch is generally the greater. With 
increased charges of improved powder, and the greater weight and velocity of 
our new projectiles, I am convinced that our pitch is ample, but am far from 
2>ersuaded that it is not unnecessarily rapid. 

In the English " Treatise on Ammunition," Part II., by Capt. C. O. Brown, 
Il.A. (late Captain Instructor, Iloyal Laboratory), it will be seen that the length 
of projectiles in the English service varies from 2^ to 3 calibres, including the 
ogival head. With this form of projectile it is stated " that it has been ascer- 
tained by experiments that a twist of about one turn in thirty-five calibres gives 
the best results, and that any material deviation from this amount in large guns 
tends to render the projectiles more or less unsteady in flight." 

We know how much in error this statement is, except, perhaps, as applied 
to the English system of rifling ; for it must be acknowledged that a pitch of 
one turn in sixty, or one in seventy, calibres is a very " material deviation " from 
one in thirty-five calibres, yet such a pitch has proved ample for giving smooth 
and accurate flights to projectiles of 2i, 2J, and 2| calibres in length, and will 
do so invariably when the projectile behaves properly, both in Krupp's system 
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TABLE V. 



Comparative Pitch of Rifling adopted in English, Russian, Prussian, and American Guns of different 

Calibres. 





English. 


Russian. 


Prussian. 




American 


* 


Calibre 


One turn in 


One turn in 


One turn in 


One turn in 




of Gun, 
































Calibres 


Ultimate 


Inches. 


Calibres. 


_ 


Calibres. 




Calibres. 


leet. 


Com- 
mencing. 


Ending. 


in Feet. 


2.50 


30 


6.25 










68 


34 


7.08 


2.70 














70 


35 


7.87 


3.00 


3° 


7.50 


35 


8.75 






72 


36 


9.OO 


3.15 










47.12 


12.25 








342 






41 


11.68 












3-5o 














76 


38 


II.08 


3-54 










52.04 


I 5.31 








3.60 


30 


9.00 
















4.00 


35 


11.66 
















4.20 






5° 


17.50 












4.50 














86 


43 


16.12 


4.71 










60.17 


23.46 






475 


35 


13-85 
















4.80 






50 


20.00 












5.00 














90 


45 


18.75 


5-9 1 










52.31 


25.50 








6.00 






60 


30.00 






98 


49 


24.50 


6.30 


40 


21.00 
















6.40 




















7.00 


35 


20.41 


60 








106 


53 


30.91 


8.00 


40 


25.00 


40.00 






1 12 


56 


37-33 


8.27 










58.85 


40.17 




8.27 










64.76 


44.20 








8.27 










67.76 


46.25 








8.50 






60 


42.50 












9.00 


45 


33-75 


60 


45.00 


62.39 




118 


59 


44-25 


9-45 










48.66 




9-45 










68.75 


53-63 








10.00 


40 


33-33 










124 


62 


51.66 


10.24 










70.OO 


59- 1 5 






11.00 








64.17 


69.78 


63.56 








1 1. 00 


35 


32.11 


70 






130 


65 


59.58 


12.00 


35 


35.00 






70.82 


70.82 


136 


68 


68.00 


13.00 




59.58 










144 


72 


78.00 


13-05 


.54-79 












14.00 










70.OO 


81.67 


150 


75 


87.50 


15.00 














156 


78 


97.50 



* The ultimate pitch here given is practically that adopted in this country. 
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and our own. It would seem at the outset a serious objection to any plan of 
rifling that it required a pitch fully double that found ample in other systems. 

The extraordinary rapidity of the English pitch cannot, I think, be justified. 
If the rifling conveys rotation to the projectile properly, then we know that such 
rotation is excessive, because the Krupp guns excel in accuracy with only half 
this pitch ; if, however, rotation is not properly conveyed, the plan should be 
abandoned. It can only be conjectured why the English have adopted so rapid 
a pitch. Beginning experiments with a very poor system of rifling and a 
uniform and moderate pitch, the result was unsatisfactory. The increasing 
pitch was then tried, with some improvement; but a majority of the shots hav- 
ing a "wobbling" and unsteady flight, indicating a want of steadiness in the 
bore, the angle of the rifling was greatly increased. The effect of this was to 
rotate the shot with such great rapidity that it had sometimes power to " recover 
itself' 1 — i.e., to true itself, or rectify an irregularity of movement which, in the 
first place, should never have obtained. Accordingly, the general accuracy was 
somewhat increased, and the pulsations of sound (by which an irregular flight 
is so readily detected), being so much more rapid, were less easily detected by 
the inexperienced and were less offensive to the educated ear. All this, of course, 
has been effected at a fearful sacrifice of wear and tear on the rifled surface of 
the bore, while there is ever present the disagreeable uncertainty as to whether 
the projectile and its studs, or even the gun itself, will stand the strains imposed. 

It is difficult to understand why the question of at least the best ultimate 
pitch has not , long since been absolutely determined; and although unsatisfactory 
systems of rifling and projectiles have, of course, interfered more or less with a 
practical solution of the question, still one would suppose that by this time there 
would be less diversity of opinion on the subject. Different projectiles require 
different forms of rifling, but there can be no good reason for two 2^'ojectilcs of 
equal size and weight having entirely different rates of rotation. With a 
reliable projectile and plan of rifling, the most suitable pitch should be easily 
determined ; and a dozen old guns, rifled with a variety of twists (but on the 
same general plan), and fired a suitable number of times, each at the longest 
practicable ranges, would, I doubt not, afford a satisfactory solution of the 
problem. 

I have already alluded to experiments recently made by the English " Com- 
mittee on Explosives " with an 8-inch gun and different varieties of gunpowder. 
The velocities and pressures were ascertained at different points of the bore, as 
the projectile passed from the seat of the charge to the muzzle ; and from the 
values thus obtained, time, velocity, and pressure curves were constructed, 
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I have tabulated these curves below, and it is from this table that the 
velocities given in Table IV. have been taken. The following table, when 
scrutinized, reveals but trifling inconsistencies ; and while the values given are 
not, of course, absolutely correct, yet the experiments were carefully and skil- 
fully conducted, with the best available appliances, and it is thought that the 
inaccuracies are small. Even were these errors considerable, the results being 
relative, the table is of great interest, and is presented at this place as bearing 
intimately on the subject of rifling. 

TABLE VL 

Tabulated Time, Velocity, and Pressure Curves, based upon Experiments in England by the " Com- 
mittee on Explosives " with an 8-inch Rifle and four varieties of Powder. 



3° 
36 
42 
48 
54 
60 
66 
72 
78 
84 
90 
96 



Ui!8. Pdsmiitic, 32 lbs. 



St rvice Pelltt, 30 lbs. 



Pressure, j Velocity, Time, 



66,752 i 

6l,600 ;■ 
4I,2l6 j 
37,184; 
35-168 
33,600 

32,25 6 
30,688 
29,568 ! 
28,224i 
27,104 j 

25,312 ! 
24,416 
19.712: 
'6,576 I 
13,888: 
11,872 j 

8,736 ! 

7,39 2 j 
6,272 | 

5,!5 2 ! 
4,°3 2 ! 
3,248 j 

2,464 ! 

i,79 2 j 



3°°, 
410! 

475 i 
53° I 
580 ' 
625 
660 
690 
720 
75° 
785 
S20 

9 2 5 
1,010 

!,°75 
1,130 
i,i75 
1,210 
1,240 
1,260 
1,285 
!,3°5 
1,320 

!,33° 
!,335 
i,34o 



.00025 
.0005 
.0007 
.0008 

.00095 



448 
1,568 
3,584 i 
9, 6 3 2 
35,i68 
45, 6 96 
.00125 I 43,680 
.00135 I 39, 200 I 
.ooi45!35,843 
.0016 j 33,600 
•0017 ; 30,240 
.0018 I 29,120 
.0023 ! 24,640 

•OO285 ! 2I >5°4; 

•0033; 18,592; 



.00372 

.00422 

.00465 

.0051 

■00545 
■00585 

.00625 
.00665 
.00702 
.00742 
.00780 



6,i 
I3, 66 4 | 
11,424! 

9,408 1 
7,616! 
6,048 1 

4,7°4 j 
3,472 j 
2,576| 
i,79 2 
1,008 I 



130 
230 
345 
430 
5°S 
560 
605 
660 
700 
855 
965 

^OS 0 

1,125 
1,185 
V35 
1,270 
1,300 
1,325 
i,34o 
!,355 
1,365 
1,37° 
!,375 



! 4,480 

•o°35i 9, 8 56 I 
.0056 23,968 
" 34,944 
38,528 



.0066 
.0070 
.0073 
.0076 

.00785 
.0080 

.00815 
.0083 

.00845 
.0086 
.0092 
.0098 
.0108 

.01075 
.0112 
.01 16 



.0124 
•01275 
.0131 
■0135 
•01385 
•01423 
.01460 



38,528 
37,184 j 
35,6i6 
34,272 j 
32,7 0 4 
31,584! 
28,896; 
27,776 j 
21,952! 
i7,47 2 ! 
14,784 
12,768 

io,75 2 
9,408 
8,064 
6,832 
5,600 
4,480 

3,47 2 
2,688 

i,79 2 
i,344 



280 
375 
45° 
5'° 
560 
610 
650 
680 
73° 
775 
900 
990 
1,060 
1,125 
i,i75 
1,210 

1,245 
1,270 

i> 2 95 
1,315 
1,33° 
i,34o 
i,345 
1,35° 



No. 5 Pebble, 85 lbs. 



1,344 
4,584 

15,232 ; 
25,088; 
30,688 ' 

33>6oo j 
34,496 
34,496 
34,048 
33,152 



.0014 

.0016 
.00175 
.00195 
.00215 
.00225 

■00237 . 
■0025 j 31,256 

.00265 ! 30,688 
•OO277 j 29,5'" 



.0033 
■OO385 
.OO43 
.0048 
.00525 
•0057 
.0061 
.0065 
.00685 
■00725 
.00765 



24,416 

21,056 : 
17,920 ; 
15,456 j 
13,216! 
1 1,200 ; 
9,408 1 
7,728; 
6,160 1 
4,928 ; 
3,920 

3,° 2 5j 

2,240 I 
!,79 2 ! 



40 : .00175 

125 .0026 



970 
^055 
1,130 
1,190 

1,240 
M75 
*,3°5 
^33° 
J ,345 
1,360 

1,37° 
i,375 
1,380 



.0030 
•0033 ; 

•0035 ; 

•0037 

00385 

.0040 



5901.00415 

630 .00425 
.0044 , 
■00455 ; 
.0052 j 
■0057 1 

.0062 ! 
.00665 j 
.0071 



.0075 
.0079 
.0083 ; 
.0087 ; 
.0091 j 
.00945 j 
.0098 
.0102 
.0106 



To resume the consideration of the projectile : the new form is, I think, 
unquestionably well adapted to the larger calibres, lip fo i]\e present time but 
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a very limited number have been fired from large guns, but the admirable per- 
formance of these encourages me to believe that they will always be found 
to be thoroughly safe and reliable projectiles. 

On Plate VIII. is illustrated a proposed siege-projectile ; it may be of any 
suitable calibre, and is identical in principle with the field-projectile which has 
been described. The projection of the base of the projectile beyond the sabot is 
intended to guard against the injury of the latter in rough or careless handling. 
This is perhaps a needless precaution, as large projectiles are generally handled 
with care, besides which the sabot may be badly bruised (though it is not as 
susceptible to injury as either the lead-coated or studded projectile) without in 
any respect impairing its efficiency. 

The bursting of the 12-inch cast-iron rifle at Fort Monroe left only a 10- 
inch Hodman rifle available at that place for the further prosecution of experi- 
ments with cake-powder; and, the Department having decided to use the new 
projectile, I received inst ructions to prepare the necessary drawings for their manu- 
facture, and learned with some alarm that the projectiles were to be four hundred 
pounds in weight. Such a weight was one hundred pounds in excess of any 10- 
inch expansive projectile ever iired, at least in this country ; and while I had 
full confidence that the sabot could be relied upon, I took the liberty to suggest, 
with the concurrence of Colonel Baylor, that inasmuch as the cored shot (which in 
the meantime had been sent to Fort Monroe to be finished) might be defective 
castings, or of a low grade of iron, there was a possibility, owing to their 
weight and length, of their crushing in the bore of the gun. Up to the present 
writing but few of these projectiles have been fired, yet I am gratified to state 
that although a velocity of 1,342 feet has been attained, the projectiles have 
remained so perfect as to be suitable for firing over again. This 10-inch pro- 
jectile is shown on Plate IX. It will be seen that the sabot is screwed upon the 
base of the projectile. This plan was adopted, as affording a ready means of 
using the same projectile a number of times, simply by unscrewing the old ring 
after firing, and applying a new one, which may be made of old material. The 
projectile may thus be fired several times into the proof-butt before being so far 
injured by sand scouring as to render it unfit for further use. This method of 
attachment also affords an opportunity of inspecting the rings or sabots before 
applying them, and for service projectiles of large calibre it is thought that the 
p'an may prove economical. For experimental projectiles the economy is, of 
course, great. Such an attachment is scarcely less secure than when the sabot 
is cast upon the shot with the usual dove-tails and undercuts. It might be sup- 
posed that the ring would be u set up" so violently in imparting rotation to the 
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projectile as to break the threads of the screw, or at least to bind so tightly as to 
render it difficult of removal. Experience has proved, however, that with the 
heaviest 10-inch shot the ring has not turned the tenth of an inch upon the pro- 
jectile, even with the uniform pitch and high velocities. This would send the 
sabot forward something less than .001 of an inch. The sabot may be attached 
in various other ways. For small calibres, the projectile may be cast upon the 
ring which is placed in the mould in place of the usual sand core for creating 
undercuts, etc. In large calibres this cannot well be done, but the ring may be 
cast upon the heated projectile, if the best qualities of copper and spelter be em- 
ployed. The ring may also be forced on by hydraulic pressure, or it may be 
locked upon the projectile mechanically. These various methods of attachment 
are illustrated in the accompanying plates, and there can be little doubt that all 
of them are secure. Different forms of double-lipped rings will be found on 
Plate XIY. Plate X. shows a 700-pound projectile, with a steel head, and 
having the sabot locked upon the base. It is thought that where difficulty might 
be incurred in producing the entire projectile of steel, the form here given, 
in which the head alone is steel, the balance being of good cast iron, might pro- 
duce equally good and absolutely more uniform results than the solid steol pro- 
jectile, which is liable to crack or to want homogeneity. Plate XI. represents a 
proposed battering-shot of 1,200 pounds for a 15-inch rifle. Such a projectile 
would carry everything before it. Iso necessity for its being made of any better 
material than a fair quality of cast iron. Plate XII. represents a proposed pro- 
jectilp for a rifled mortar. This projectile being fired at a high angle of 
elevation, and keeping parallel to itself through flight, will, of course, strike 
upon its base, which is accordingly made stronger than the front end. The centre 
of gravity, being to the rear, will also tend to make the shot fall in this position. 

An objection which has been persistently, and heretofore with much reason, 
urged against expansive projectiles, has been their inability to sustain heavy 
charges. It will, I think, be manifest that this objection can scarcely obtain 
with the proposed projectile, as there is practically no limit to the strength 
attainable in its sabot, which is undoubtedly one of the strongest ever devised, 
and at the same time one which, while it may be made susceptible to the lightest 
pressure, is also abundantly strong to withstand the heaviest strains to be met 
with in service. It is thought that the new projectile may be made of almost 
unlimited strength, and that consideration for the gun alone need in future 
restrict the weight of either projectile or charge. 

A proposed 12-inch projectile of 700 pounds is shown on Plate X., and* 
although I consider the weight to be excessive for the calibre, yet, as the 
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English have fired this weight (although with indifferent success), and as Krupp 
proposes, I believe, to employ it also, I submit the propriety, when occasion 
offers, of firing a few projectiles of 700 pounds, confident that however objec- 
tionable such a weight may be on the score of efficiency and economy, the shot 
Avill not prove treacherous. 

IIOUJSLK-BEAIUXG PROJECTILES. 
I have already given as my conviction that, by an allowance of a moderate 
windage or gas-escape over projectiles of the expansive class, they will be prac- 
tically centered, or at least that balloting M ill be so far corrected that it can 
neither produce a marked irregularity of flight, nor still less to any extent injure 
or endanger the gun ; and, although practical experiment with my projectiles 
at Fort Monroe has emphatically endorsed this theory as sound, without a single 
exceptional result to mar the record, yet I am not prepared to assert that pro- 
jectiles of large calibre and maximum weight might not be benefited by a more 
substantial centering. On the contrary, I have long maintained the probable 
advantage of giving to our expansive projectiles a front bearing — centering the 
front as Avell as the rear of the shot, or double-centering it, so to speak, thereby 
securing beyond peradventure its passage through the bore without unnecessary 
jar or friction. To this end a number of plans have been devised and sub- 
mitted, possibly the most practicable of which is shown on Plate XIII. The 
double-lipped expansive segments in the rear are expanded into the grooves in a 
manner requiring no explanation. The powder-gases escaping through the 
intervals between these segments, as well as over them through the unfilled 
angles of the grooves, is utilized in the expansion of a front series of segments, 
each of which is placed opposite a corresponding interval in the rear series. It 
is nrobable that we could substitute for the front series of segments the double- 
lipped ring, already proved so efficient on the rear of a projectile ; but it is likely 
that a ring both front and rear would prove impracticable, for the reason that 
sufficient gas could not, perhaps, escape over the rear sabot to expand the ring 
in front, unless the latter were objectionably weak. As the segments are more 
readily expanded than the ring, it is possible that a ring in the rear and seg- 
ments in front of the projectile might give satisfaction. The projectile on 
Plate XIII. would doubtless prove very accurate and give great uniformity of 
results. 

As already intimated, however, this projectile has been devised only with a 
view to supplying the wants of our expansive system in case the simple rear 
attachment should prove insufficient in any particular. Heretofore it has not 
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done so, even in systems of rifling by no means best adapted to it, and it is only 
a practical test which can ever determine the exact value of a double-bearing 
projectile of this kind, or its advantage over the simpler plan which has already 
proved so successful. It was, I believe, contemplated to test the value of this 
plan of " double-centering " in case the double-lipped ring proved inadequate for 
a 400-pound projectile, but the success of the latter, under all the disadvantages 
of a first attempt, dealing with unprecedented weights and charges, and without 
preliminary experiments with other than 3-inch projectiles, has, it is thought, 
rendered any experiment Avith the more complicated plan unnecessary. It 
might be interesting to observe, however, a close comparison of the pressures, 
velocities, and relative accuracy of these two plans of single and double bearing- 
projectiles of the expansive class. 

WEIGHT OF PliOJECTlLES. 

As to what constitutes the correct weight for a rifle-projectile of given 
calibre, there exists great diversity of opinion. This is the more surprising as 
the problem would seem easy of a practical solution. Placing an iron target a 
few feet in front of a gun, firing at it with some shot of different weights, and 
selecting as the most suitable that which gives the greatest penetration and does 
not " wobble " too badly at moderate ranges, is an example scarcely worthy of 
our imitation. But if a series of rounds were fired from a gun of large calibre, 
with varying weights of charges and projectiles, making careful record in each 
case of pressure, velocity, range, accuracy, flight, and effect on gun and projec- 
tiles, one would suppose that from such data a correct judgment could be formed 
as to the most suitable weight of projectile for the particular calibre tested. 
Having ascertained this much, the weight of all other projectiles should sustain 
a similar relation to their calibre. The ratio thus established should never be 
widely departed from, and, consequently, all demands thereafter made for 
increased weight of projectile should be met by a corresponding increase of 
calibre. 

The principal nations seem to have settled upon the most suitable Aveights 
for all jnoderate calibres, and to have agreed quite harmoniously on the subject. 
When it comes, however, to the question of heavy-armor punching, there has 
prevailed a tendency to increase the weight of the projectile without a corre- 
sponding increase of calibre, building the guns heavier to withstand the in- 
creased strains. In fact, the representatives of different systems would seem to 
have been engaged in a game of " brag," apparently vying with each other in 
the weight of metal to be thrown from a gun of given calibre, and it is there- 
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fore not strange that the limit of practical utility and economy was soon passed, 
and that in consequence difficulties of great magnitude were encountered which 
proved serious obstacles to success. 

While some men of scientific attainments have thus pronounced in favor of 
heavy projectiles, and have been tempted, I think, beyond the limit of sound 
judgment, others have persistently maintained the superior advantages of light 
projectiles impressed with high initial velocities. It is claimed, on the one hand, 
that the heavy projectile will utilize the full value of the charge by causing its 
more thorough combustion ; that such a projectile will not only acquire a greater 
amount of stored energy than the lighter shot, but will maintain it better through 
a long flight. It is maintained, on the other hand, that every considerable in- 
crease in the weight of a rifle projectile of given calibre increases the chances of 
its misbehavior in the bore of the gun, reduces velocity, impairs accuracy, and 
augments the powder-pressure (independently of the increased liability of the 
projectile to wedge or jam within the bore), while the light projectile has free 
exit, is easily rotated, may be impressed safely with so high a velocity, by in- 
crease of charge, that its stored energy will practically equal that of the heavy 
projectile within ordinary ranges, and that, owing to flatness of trajectory, the 
lighter shot will be more accurate, and have a larger "dangerous space," in 
addition to which there will be less liability to failure of the shot or injury to 
the gun. 

Having determined upon the most successful weights for projectiles of 
moderate diameter, as long as the difficulties of gun-construction increase in so 
rapid a ratio with the calibre, I maintain that it is unreasonable to fire from a 
gun of large calibre a shot which is heavier in proportion than that found most 
suitable for the smaller gun. When we are able to fire with invariable success, 
from any gun, a projectile nearly three times the weight of a spherical solid shot 
of equal diameter, with all the advantages of greatly superior accuracy, range, 
penetration, bursting capacity, etc., etc., I claim that we have accomplished 
all that it is reasonable to expect from such a gun, and that the problem 
of getting greater destructive effect has its natural solution in an increase 
of calibre. 

Mr. Vavasseur suggests a formula for determining the weight of projectiles, 
■~T A > hut is himself guilty of inconsistency in departing from his rule in his pro- 
posed 10-inch and 12-inch rifles, where (perhaps in order to show no lack of con- 
fidence in his own system) he follows the lead of W T oolwich, and proposes pro- 
jectiles of 400 and 700 pounds respectively for the calibres mentioned. His 
formula, however, is a sensible one, and will be seen to correspond quite closely 
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to the standards adopted throughout the world up to a calibre of ten inches. At 
this point, however, a wide departure begins, and the weights for this and larger 
calibres pass far beyond the requirements of the formula. Applying Vavas- 
seur's rule to various calibres, we have the following comparisons : 



TABLE VII. 

Weights of projectiles of different diameters, showing the inconsistency of present prevailing standard 
weights for large calibres. 



Calibres. . . . 


3 ins. 


3-6 ins. 


4.5in 8 . 


1 

! 7tos. 


Sins. 


9 ins. 


IO ins. 


I I ins. 


I 2 ins. 


Standards . . 


9 lbs. 


l6 lbs. 


30 lbs. 


j ii5ib 8 . 


i8oibs. 


2 50lbs. 


4 OO lbs. 


514l«>* 


700 lbs. 


(Diain.) 3 ~3 


9 " 


15*" 


3 1 " 


|ii 4 - 


171 " 


243 " 


333 " 


444 " 


576 " 


Difference . . 


Oib. 


Alb. 


— I ib. 


I lb. 


9 lbs. 


7ibs. j 


6 7 ibs. 


70 lbs. 


I 24 lbs. 



This inconsistency cannot, I think, be justified, nor do I believe that it will 
much longer obtain. England, at the present writing, lias but few guns of really 
large calibre ; and her 10-inch projectiles of 400 pounds and 12-inch of 700 
pounds, if anything more than experimental or " provisional," are scarcely enti- 
tled, by their present record, to be classed as service projectiles. Krupp is about 
completing a 12-inch rifle, the projectile for which, if I am correctly informed, will 
weigh something under 700 pounds. Prussia's heaviest service-gun at present, 
however, is a 11-inch rifle, the projectiles for which arc of two weights, viz. : 
404 and 515 pounds. The latter, although only for battering purposes and fired 
with prismatic powder, certainly appears objectionably heavy when compared 
with the 9^-inch Krupp projectiles of 250 and 300 pounds. 

I am by no means arguing in favor of light projectiles. On the contrary, 
those which I would propose as standards Avill be found, as a general rule, to 
exceed in weight those of corresponding calibre in Europe ; but in the larger cali- 
bres of 10 inches, 11 inches, and 12 inches, I would avoid the inconsistency into 
which the English more especially appear to have been led. Our own projectiles 
(the few of larger calibre in service) have, as a general rule, been too light ; for 
example, our 8-inch and 10-inch shot, weighing 150 and 260 pounds respec- 
tively ; the great number of failures, even with such weights, indicating that 
any increase in weight of charge or projectile would have been attended with 
danger. 

The great strength of the new projectile will, however, admit of our adopt- 
ing any practicable weight. The application of the formula (Radius) 3 x 2.80 will 
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be found, by reference to Table VIII., to correspond closely with the standard 
weights of projectiles in England, Russia, and Prussia up to a calibre of 10 
inches.* 

TABLE VIII. 

Showing the comparative weights of projectiles in different countries, and a proposed standard. 



2.50 


6 


2.70 




3.00 


7 i to 


3. 1 5 




347 




3-5° 




3-54 




3.60 


16 


3-67 




0 / J 




4.20 




4.50 




4.71 




4-75 


40 


4.80 




5.00 




5-9i 




6.00 




6.29 


! 64 tO 


6.40 


64 


7.00 


115 


8.00 


l80 


8.27 




8.50 




9.00 


250 


9-45 




10.00 


400 


10.24 




1 1. 00 




12.00 


600 to 


13.00 


618 


14.00 




15.00 





Weight, in pounds, of present Standards. 



8 to 9 
'3 



34 
33 

176 
271 

496 



32 ^ 35 
60 to 68 

176 to 216 
261 to 306 

35O to 412 
404 to 515 

670 



8 to 10 



25 



70 



(Bad. ) 3 X 2.80! 

5^ I 
7 ! 
9i ! 





1 1 




15 




16 


20 


18 




*9 


to 30 


26 


30 


32 




38 




44 




76 




87 


to 90 


92 




120 


150 


180 




200 




215 




255 


to 30O 


35o 




466 


600 


; 605 




770 




960 




i 1 182 



* Under no circumstances should a projectile exceed in weight three times the cube of its radius. 
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I maintain that no good reason c«n be assigned for departing from the 
formula (by increasing the weight of projectiles) just at the point where the diffi- 
culties and risks of gun-construction begin to increase in such a rapid ratio. 

A few weeks since, on the receipt of instructions to prepare drawings for 
a 10-inch projectile of 400 pounds, I took the liberty to urge certain objections 
against the employment of such a weight, it being a hundred pounds in excess of 
any expansive projectile ever fired. One of the objections urged against the 
employment of a cast-iron projectile of this weight I beg here to repeat : "Crush- 
ing or breaking up the projectile in the bore of the gun. The action of the dis- 
charge upon each square inch of the base of a large projectile is the same as upon 
each similar superficial unit in a small projectile, while the ' column of metal ' 
super-imposed upon each of such units is very much longer. From its own inertia 
cast iron cannot ' upset,' as wrought iron will do ; but it can crush or break under 
sudden shocks, and its limit of endurance in this respect is not high. Sir Joseph 
Whitworth, having obtained authority to fire from a 9-inch Woolwich gun some 
projectiles of very superior iron and three calibres in length, found that out of 
three fired one broke up in the target and another in the gun ; and, indeed, many 
instances can be given where heavy projectiles have so broken up even with 
moderate velocities. Kow, as it is a primary object of these experiments to ob- 
tain high velocities, if possible, and as I have reason to fear that the iron in these 
last projectiles is of very indifferent quality, there is, I contend, danger of the 
projectile breaking up or crushing in the gun, and the hazard is further increased 
by the employment of a strange powder, entirely experimental, and very possibly 
treacherous." 

A few of these projectiles have now been fired, and, I am gratified to state, 
with most flattering success. Still, the powder has thus far proved mild, and I 
cannot but fear, unless pains be taken in future to secure a good quality of iron, 
that, owing to some hidden defect in the casting, or to inferior grades of iron em- 
ployed in a foundry inexperienced in the manufacture of projectiles, the conse- 
quence may yet prove disastrous to the gun, owing to the great weight of shot 
and charges employed. 

In conclusion, I submit that, if it should ever be proved that projectiles of 
even 600 pounds can be more economically fired from a 10- inch rifle than from 
one of 12 inches calibre, our own system would be the best that could be 
adopted ; and that if any projectile can be made to withstand such an ordeal, 
or that if any rotating device can prove equal to the work imposed, the double- 
lipped ring commends itself as most promising in point of strength, effective- 
ness, and easy action upon the walls of the gun. In fact, there is little doubt in 
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my mind that our own plan of rifling and our expansive projectiles, as recently 
improved, constitute the most perfect muzzle-loading system in the world. Nor 
is this assertion so bold as may at first appear, when it is remembered that the 
comparison is necessarily restricted to the Woolwich and French "button" systems 
or to the effete systems of Jeffery, Thomas, Britten, Haddan, Scott, Whitworth, 
Lancaster, the " Shunt," and others, which have been discarded for the present 
Woolwich plan, or to equally faulty systems which have had their day in this 
country. 
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Part Second. 



THE COMPHESSIVE SYSTEM. 
(Breech-Loading.) 

Projectiles of this class are necessarily confined to breech-loading guns, 
and, as the name of their class implies, take the grooves by compression. The 
one practicable method of effecting this, is the mechanical one of forcing the pro- 
jectile through a bore of smaller measurement across lands than the diameter of 
the projectile itself. Hence it is necessary to coat the entire cylindrical exterior 
of such projectiles with a soft, compressible or yielding material, such as lead, so 
that the " lead-coated projectile " and the " breech-loading projectile " are now 
about synonymous terms ; for, although we occasionally come across a lead- 
coated, muzzle-loading shot, it is generally among the " trophies " or relics of the 
past. Such attempts as may have been made to employ any other than com- 
pressive projectiles in breech-loading guns have hitherto proved failures ; so that, 
with all its faults, the lead-coated projectile is at present an inseparable part of 
the best breech-loading systems of the day. Driven thus to employ a projectile 
which tested to the utmost the qualities of their guns, the advocates of breech- 
loading have found it difficult to hold their own even against the inferior muzzle - 
loading systems which have prevailed in Europe during the past few years ; and 
were it net for the talent of Lewis Broadwell and the enterprise and immense 
facilities possessed by Herr Krupp, it is safe to say that the difficulties in the 
way of a satisfactory solution of the breech-loading problem would have proved 
an insuperable barrier to the extension of its principles so as to embrace the larger 
calibres. Furthermore, it is possible that, but for the introduction of Rodman's 
prismatic powder, Krupp's system, as applied to the larger calibres, would not 
be in existence to-day, or at least would be in far less efficient shape. In his 
competitive trial against the English 9-inch muzzle-loading gun, even after he 
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had copied the ogival form of the English projectiles, he was about prepared 
to give up the contest and acknowledge the superiority of the English rival, 
when the introduction of some prismatic powder from the manufactory in 
Russia saved the day to him, and proved, if not the salvation of his system as 
applied to heavy calibres, at least the foundation of his present success.* 

Admitting the fact that for the same weight of material no breech-loader 
can be as strong as a muzzle-loader of the same calibre, it will be perceived how 
unfortunate it is for the breech-loader that it is forced to employ a projectile 
which, weight for weight of the same ammunition, will impose upon it vastly 
greater strains than those endured by the muzzle-loading gun. Add to this the 
fact that the pressure is further increased in the former gun by the necessary in- 
crease of charge to make up for the loss of velocity due to "forcing" the projec- 
tile, and we begin to perceive the full measure of one of the difficulties with which 
the breech-loading rifle has had to contend, namely, the faulty character of the 
projectile which it h is hitherto been deemed necessary to employ. 

I propose to deal with the defects of the breech-loading system only so far 
as relate to or are clearly attributable to its compressive projectile. 

Holley, in his book on " Ordnance and Armor," briefly enumerates "some of 
the principal defects " of the compressive system, as follows : 

" The principal defects of the compressing systems are : 

" 1. It unduly strains the gun by suddenly stopping all windage, by fouling, 
and by forcing the shot into a bore of smaller diameter. 

" 2. It reduces the velocity of the shot by compressing and fouling. 

" 3. The increasing twist is impracticable from, the great length of soft metal 
coating. 

"4. The soft-coated projectile is liable to injury in handling and in store. 

" 5. The windage is entirely stopped, thus increasing strain, possibly dimin- 
ishing accuracy, and rendering the use of time-fuses uncertain. 

" ft Soft coatings are liable to be so much loosened by the heat of molten 
metal that shell could not be charged with it." 

To which may be added : 

7. Stripping or losing the leaden jacket, or portions of it, in tiring. 

8. Reduced capacity for bursting charge. 

9. "Leading" of the grooves. 

* Soo Von Poppolmair on Exporimonts at Togo I. 
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Let us consider these objections in the order mentioned : 

1. Strains due to closing tvindage, fouling, and compression. — The effect of 
closing windage by a lead sabot on the rear of a projectile has already been dis- 
cussed. In the breech-loader, however, the projectile is centered, or approxi- 
mately so, and the circumstances of its passage through the bore are very differ- 
ent. Under this head Holley says : 

" The first result of a soft coating, whether it is expanded or compressed 
into the grooves, is stopping the windage. Gas which cannot escape without 
moving the shot may accumulate to a bursting pressure before the shot moves at 
all ; whereas a safety-valve, in the shape of a thin, annular space around the shot, 
allows its inertia to be overcome before the pressure reaches the maximum, and a 
heavier charge — the burning of more powder after the shot has begun to move — 
will of course make up the loss of velocity with a less strain upon the gun, be- 
cause it has more time to act. Thus all the advantages of slow-burning powder 
are realized." And again, from the same author : " But the chief strain due to 
lead coating is confined to the compressing system.* Forcing a projectile coated 
with hardened lead through a bore of smaller diameter, not to speak of compress- 
ing seventy-six grooves in it at the same operation, produces the following 
results : 

" 1st. A direct bursting pressure by the projectile itself. And compressing 
a lead covering soldered upon an iron shot, and very thin, so that it cannot 
expand longitudinally, is quite different from upsetting a leaden bullet, which 
simply changes figure in the same bulk.f 

" 2d. An increased powder-pressure, due to the detention of the shot by this 
stricture in the bore." 

This second objection is unquestionably the more serious ; but the first ia 
also worthy of consideration. Captain Fishbourne, in the Journal Royal 
United Service Institute, 1864, says : " The pressure of forcing a 25-pound Arm- 
strong shot slowly through the bore by mechanical means is said to have exceeded 
forty tons." I cannot but think that this statement is somewhat exaggerated ; if 
not, the Armstrong projectile, still used to some extent in England, is even 
worse than I considered it. The statement would certainly be somewhat out of 

* Omitting balloting and wedging, to which lcad-snhot expansive projectiles are liable, this is doubtless 

true. 

f Krnpp lias improved his projectiles in this respect by attaching the leaden jacket in a series of 
parallel ridges, or reinforces, so that the displaced lead may find room between the ridges. 
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the way as applied to Krupp's system. Nevertheless, the great loss of velocity 
due to "forcing" is good evidence of the severity of that operation. 

2. Reduction of velocity hy compression and fouling. — It seems to be gene- 
rally acknowledged that the entire absence of windage conduces greatly to foul- 
ing, while "leading of the grooves" seems to be a chronic complaint attaching 
to the use of all lead-eoated projectiles. How far this "leading" has been cor- 
rected I am unable to say, but I believe that the most successful preventive — 
plenty of lubricant — is more or less troublesome, and is good for only twenty-five 
to thirty rounds. Various French experiments have established the fact that 
closing of windage conduces greatly to fouling, and that, on the contrary, " the 
rush of gas over the projectile tends to relieve fouling by blowing out the dirt 
that would otherwise accumulate " — and whatever fouling may obtain, it must, 
of course, increase the friction of the projectile and reduce its velocity. It has 
been argued in favor of the compressive projectile that the gases of discharge? 
being entirely shut off, the full benefit of the charge is thereby secured. The 
pressures, indeed, would indicate that such is the case ; but we know, in fact, that 
the large Krupp steel guns suffer considerably from scoring at the seat of the 
shot. After the shot has moved forward so as to fill the bore, windage is of 
course closed. 

" If it is important," says Holley, "to increase the pressure upon a shot, the 
use of more powder would appear to be a simpler and safer means than straining 
and abrading the gun by jamming a hard wedge through it. Besides, continu- 
ing to retard the shot by the friction of many grooves, and by an additional nip 
at the muzzle, after the pressure of the gas has been reduced by expansion, 
simply wastes power and reduces velocity without any compensation." 

A primary condition of high velocity is " that the least possible power shall 
be expended in overcoming friction and changing the figure of the shot in getting 
it out of the gun. Power thus wasted is worse than lost, because it strains the 
gun so much as to require reduced charges, thus decreasing the velocity in 
another way. The service charge of the Armstrong 110-ponnder has been re- 
duced from II to 12 pounds for this reason." * 

" So much power is expended in planing 70 grooves in a hardened lead- 
coated projectile that even II pounds of powder pressing on the 7-inch, 110- 
pound Armstrong shot give less velocity than 10 pounds of powder pressing on 
the Parrott 6.1-inch, 100-pound shot. The initial velocities are, respectively, 

* Krupp lias found a way out of tins difficulty by the adoption of Rodman's perforated prismalje 
powder, where the quantity of gas developed increases nearly as the squares of (lie times of combustion, 
The same powder, used in a muzzlcdondor. "might give even better results. 
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1,211 and 1,244 feet, and the areas of the shot pressed by the powder are 38.5 
and 32.1 square inches. The range of an Armstrong 7-ineh, 110-pound shot 
with 12 pounds of powder was 3,387 yards, against 3,981 yards for the Jcffry 
100-pound shot, same bore, charge, and elevation." 

Some additional examples are given in the following table, compiled from 
" Ordnance and Armor" : 



TABLE IX. 



Comparative 


edacities of hi 


eecli and muz 


zU loading projectiles, 


with yraine 

_ . 


/ powder. 


■ - - - 

Name of System. 


Diameter 
Projectile. 


, 

Weight 
Projectile. 




Weight ' 

Charge. • 

I 


Velocity 
Muzzle. 


Relative Strength 
Powder. 




Inches. 


Pounds. 


Pounds. 


Feet. 


Ratio. 


Britten 


6.24 


SO 


5.OO 


1.213 


I, I 70 


JeffiT 


6.26 


48 


4.80 


I,l8l 


I, I 70 


Hadden .... 


6. 19 


54 


540 


J, '23 


I, I 70 


Lancaster . . . 


6.60 


5i 


5.IO 


1,149 


1,248 


Thomas .... 


6.25 


57 


5-70 


1.277 


1,248 


French 


6.36 


65 


6.50 


1,148 


1,248 


Shunt 


6.32 


55 


5-50 


1,172 


1,248 


Armstrong . . 


4-75 


40 


4.OO 


I,08l 


1,248 


Armstrong . . 


4-75 


41 


4.IO 


1,051 


1,248 


Armstrong . . 


7.00 


1 1 1 


14.OO 


1,2 11 




Armstrong . . 


7.00 


103 


I2.00 


1,166 




Parrott ..... 


6.40 


100 


IO.OO 


1,274 




Armstrong . . 


4-75 


41 


5.OO 


1,154 






4.20 


30 


4.OO 


1,436 





It will be seen above that, even with the strongest variety of powder, the 
compressive projectile has much less velocity than any of the other systems — less 
even than the Shunt or French, notwithstanding the liberal windage of the lat- 
ter ; and that the comparison between the breech-loader and the Parrott gun is 
yet more strongly marked, although the brass ring of the Parrott projectile also 
allows considerable windage. 

It is also objected to in the breech-loading system " that the rifle grooves 
have to be cut by the explosive force of the powder; and as this is done with im- 
mense velocity, and in the space of a few inches, the power required must be 
very great. The leading of the grooves and the stripping of the shot show how 
great this strain must be, and, in order to meet the difficulty and prevent such 
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effects, recourse has been had to slow-burning powder, and, as a consequence, 
a low initial velocity has been obtained." * We must here again make exception 
in favor of Krupp's larger guns, where fair velocities have recently been obtained 
by the use of prhmatic powder. 

To compensate for this loss of velocity by compression and friction, in- 
creased charges of grained powder, when employed, have not given satisfaction, 
leaving out of question the increased pressure. It is stated that " if the lead is 
put on evenly, as in some projectiles, in a thin form, and you pass one-eighth 
the weight of projectile as a charge, the lead is given off from the projectile on 
the discharge of the gun in the shape of an amber-colored cloud called ' lead 
fumes ' ; and that if you exceed a charge of one-eighth, and go to the charge of one- 
fourth, you arc exposed to another source of inconvenience — the positive melting 
and remaining of the lead in the bore of the gun. This is a result of experi- 
ments at Shocburyness alluded to by Colonel Lefoy." 

To remedy as far as possible the defects already mentioned, the leaden 
jackets covering Krupp's projectiles are provided, as has been stated, with rein- 
forces of lead in the shape of a number of parallel rings. Xo doubt this is 
an improvement, but at best it can be expected to remedy the defects of the 
system only in part. I have not available, at present, what I should consider 
authentic and reliable accounts of experiments with Krupp's large calibres. 
Some reports are highly colored, while other and more recent reports speak 
either of a burst gun or of " unsatisfactory practice with moderate charges," and 
the " occasional loss of the leaden jacket " when heavier charges are at- 
tempted.! 

There can be no doubt, however, that since the introduction of prismatic 
powder Krupp has been making rapid improvement. He has already attained 
high velocities, which he could not do with grained powder without enormous 
pressures ; he has greatly exceeded the English in accuracy, at least for mod- 
erate calibres ; and his projectiles are less liable to strip than formerly. They 
are by no means perfect as they should be, however, and he is constantly ex- 
perimenting to improve their quality. There is little doubt in my mind that 
the breech mechanism of his guns is strained unnecessarily by the character of 
the projectiles employed. 

Eor the same charge and kind of powder, J weight and calibre of projectile, 

* Mr. Michael Seott on " Projectiles and Rifled Guns." 

f Report on the Fabrication of Iron for Defensive Purposes. Professional Papers, No. 21, U. S, 
Engineers. 1870. 

t As lias been stated, the introduction of prismatic powder has enabled Krupp to obtain high velooi- 
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the compressive projectile will have much less velocity, giving- in neb greater 
powder-strain than either the French- Woolwich (stud) or the expansive systems. 
To bring np the velocity, therefore, increased charges must be employed, and 
here again the breech-loader, through its unfortunate projectile, must incur far 
higher pressures with less compensating effect than would its rival systems, 
which are at the same time better able (if of same weight and material) to 
endure the unusual strains. 

3. Increasing twist impracticable with compressive projectiles. — This is owing, 
of course, to the great length of bearing of the rifling upon the leaden jacket, which 
would be stripped from the projectile before it would accommodate itself to the 
changing angle of the pitch — if, indeed, it did not jam in the gun and burst it. 
And yet, of all systems, the breech-loading is the one which seems absolutely 
to need the increasing pitch. In the case of muzzle-loading guns, I conceive 
the chief argument in favor of the uniform pitch to be that as the projectile 
starts at 0, and moves a certain distance before attaining a high velocity, there- 
fore this seems an auspicious time in which to impart to the projectile some of 
the rotation which it must acquire before leaving the gun. With the breech- 
loader, however, the case is reversed — the projectile being loaded in an imriflcd 
chamber, and only its front end being in contact with the rifling (whereby it is 
detained until a high pressure is reached), the projectile is absolutely dashed into 
the rifling with considerably velocity; hence must be imparted to the projectile 
almost immediately the full value of the twist, whereby will result increase of 
pressure, diminished velocity, and increased tendency to strip the projectile and 
" lead " the grooves. Could an increasing pitch, however, be employed, its full 
value would be communicated to the projectile throughout the bore of the gun, 
after a fair impression of the grooves had been taken in the first instance. Yet 
how impracticable to employ such a pitch with the present lead-coated projectile ! 

4. liability to injury of lead-coated projectiles in store and handling. — The 
great extent of the lead-coated surface, and the soft quality of the material, ren- 
der compressive projectiles peculiarly susceptible to injury from rough handling, 
transportation, etc. "The heavy projectiles required in naval and sea-coast war- 
fare are constantly liable to such falls and rough handling as would be quite 
sufficient to upset a soft coating, and prevent its entrance into either a breech- 
loading or a muzzle-loading gun."* When such injury is very marked, the pro- 
ties without -incurring heavy pressures. It remains to he seen whether the use of prismatic powder in 
muzzle-loading guns will not place them again in advance of breech-loaders employing lead-coated pro- 
jectiles. 

*Hollcy. 
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jectile could be set aside without waste of time. The more serious case would 
be that when, in the heat and hurry of action, a projectile should be just suffi- 
ciently dented to cause delay from binding or jamming in loading. 

Lead-coated projectiles are liable to other kinds of injury. It has been 
remarked * that " they will decay from damp ; and those in store are decaying 
and the lead exfoliating. Many of you arc aware that Lord Clyde sent home 
some bullets which could not be got down into the rifle at all ; the lead had 
exfoliated, and the bullets were too large, and at Delhi several of our men were 
shot down while trying to force bullets down the bore of their rifles." f 

It is fair to say that I attach not too much importance to this last statement ; 
and while it is undoubtedly the fact that the lead-coated projectile is more sus- 
ceptible to injury than any other, yet I regard this as one of its minor defects. 
Whether or not the mechanical union of the lead jacket with the iron shot would 
in time become loose I am not prepared to say. The Prussian projectiles have to 
be handled with the greatest care, the larger sizes being boxed separately in 
shavings, and the field-projectiles kept from contact with each other by iron 
stirrups, or clamps, and thumb-screws in the ammunition-chests. 

5. Closing of windage. — The increase of strain resulting from the closing 
of windage has already been discussed. There are, however, other consequences 
to be considered. It is next to impossible to use the ordinary and more simple 
form of time-fuse — namely, that which is ignited by the flame of discharge — 
and, consequently, " a more complicated and costly fuse must be employed, with 
probably increased uncertainty of ignition." " In the case of the Armstrong 
gun," says Hollcy, " this has led to costly and nearly fruitless experiments with 
percussion-fuses." The same difficulty was incurred by us in the use of soft- 
sabot expansive shells, and the case was successfully met, I believe, by the Laidley 
igniter, which would probably prove equally efficient in compressive projectiles. 
Hence this objection to the absence of windage I cannot regard as a serious one. 
How far accuracy might be promoted by a moderate allowance of windage it is 
difficult to say ; in all other systems it has proved advantageous in this respect. 
" The result of the more recent experience of the French artillerists proves that 
the suppression of windage diminishes the accuracy of fire." J It is probable, 
at all events, that the accuracy of a breech-loader would be promoted to just the 
extent that fouling would be prevented. That windage tends to prevent fouling 

* Journal Royal United Service Institute. 

f Is it not probable that these bullets left the cartridge-factory in England just as large as (hey 
returned I 

XEdinbim/h Review, April. 1861. 
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seems to be a well-established fact. " The rush of gas over the projectile tends 
to relieve fouling — to blow out the dirt that would otherwise accumulate." So 
far as windage may operate as a " safety-valve " for the moderation of pressure, 
it is also important for large guns. 

6. Use of molten metal. — " One of the requirements," says Hollev, " of 
modem shells, is to fire molten metal. Even if the heat of the molten metal 
does not loosen the lead, the expansion of the shell vastly increases the strain in 
forcing an Armstrong shell through the bore." Commander Scott says : " One 
of the most important things, that has been very much overlooked, is that of 
molten iron. The molten iron will fill up the shell and make it almost solid, so 
that you will at first have the full blow of the molten iron, and, unlike powder, 
the molten iron, if you can pitch it against anything, will stream over it ; it may 
stream into the port. This will be found, I believe, a fearfully destructive 
weapon. The Armstrong gun " (any breech-loader) " will not throw it ; that is, 
practically it will not do it. The small, round shell contains too small a quan- 
tity to be effective. What we want is a large quantity ; but even the less quan- 
tity sufficed to set a vessel on fire ; and when it was tried, although they had the 
engines and everything ready, as is well known to Admiral Halstead, they could 
not put the fire out." 

Although shells for molten metal have usually been made with thin walls 
to facilitate their breaking up on striking wooden vessels or other light resisting 
objects, I see no reason why they could not be employed with some effect against 
iron clads, at least of the lighter class, if made with thick, strong walls and fired 
from the heavier calibre of rifles. The iron plates being penetrated or even 
cracked, and the shell broken, the fluid iron might find its way to the wooden 
backing or decks, and any fire resulting therefrom would be difficult to extin- 
guish. 

Whatever the efficiency of molten metal in warfare, it is clear that if it is 
not absolutely impossible for the present breech-loading projectile to be charged 
with it, its use in such projectiles must, at least, be attended with difficulty and 
danger. 

7. Stripping. — This is an evil which, up to the present time, has never been 
wholly overcome in lead-coated projectiles, and yet is a fault so serious as to be 
sufficient, in my judgment, to condemn any projectile in which it is even re- 
motely liable to occur. As late as 1871 we read of the " occasional loss of the 
leaden jacket " in practice or experimental firing in Prussia. 

8. Reduced capacity for bursting charge. — This objection applies more par- 
ticularly to field-projectiles. The relative capacity of the Prussian 3.15-inch field 
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shell to our own 3-inch field-shell is about as three to four ; and the same ratio 
will hold good for case-shot. The weight of the leaden jacket, which is usually 
about one-tenth that of the entire shell, is just so much deducted from the 
capacity of the latter ; and it is further limited in length by the principle of 
its action in the gun. If the lead bearing is too short, it is inefficient; and if 
too long, the friction becomes so great * as to reduce vastly the velocity. 

9. hemline) of the f/roovex. —The co-efficient of friction for a bearing of lead 
upon cast iron, wrought iron, or steel is greater than for that of almost any other 
two metals ; and, while friction is to a degree independent of velocity, it is not 
so unless unguents are used, and it increases very decidedly, in some contacts, 
with an increase of temperature. When we consider the great force necessary to 
compress many grooves into the leaden jacket of a breech-loading projectile, the 
infinitely small time in which it is accomplished, and the enormous velocity with 
which it is driven through the gun — tightly compressed meanwhile — and that 
great heat must be thereby developed, independently of the beat of discharge, it 
is not surprising that every effort heretofore made to prevent the leading of the 
grooves by compressive projectiles should have failed, except, perhaps, when 
accompanied by circumstances equally objectionable. In the slow and deliberate 
experimental tiring at Essen, and in spite of the liberal use of a lubricant, 
Krupp's guns have to be tediously scraped to free the grooves from obstructions 
at least every thirty rounds. In rapid field-firing it is almost a fatal objection ; 
and to the leading of the grooves may be attributed the disabling of many guns. 
In the Russian Artillery Joimud may be found complaints of the " severity of 
the two or three hours' labor, after a hard day's marching and lighting," of put- 
ting the breech-loading guns in serviceable condition again by " unloading " the 
grooves. 

PROPOSED NVSTKM OF HKliECU-LOADIXd III I'M XC AND PROJECTILES. 

Having thus briefly discussed some of the principal defects of compressive 
projectiles, I shall proceed next to a consideration of the manner in which it is 
proposed to remedy their faults, and yet to retain, as far as possible, in full 
measure the chief advantages of the best of their kind, namely, accuracy and the 
absence of balloting; both resulting from the fact that they are centered, or 
approximately centered, as the longer axis of the compressive projectile is of 

*lt should, of course, be borne in mind that friction is only independent of the surfaces pressed when 
such surfaces of contact are theoretically perfect. Besides, the greater the length of the lead-jacket, the 
more danger of its folding upon and wedging the shot, especially in large guns. 
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course placed and held in a position nearly coinciding with the axis of the bore. 
I have also to propose certain modifications in the rifling and chambering of the 
gun, which, in connection with the new projectile, will, I think, constitute a 
system superior to the lead-coated systems of Krupp and Armstrong.* 

The proposed breech-loading projectiles are illustrated on Plates XV., XVI., 
XVII., XVIII., and XIX. On Plate XV. is shown a field-projectile. The 
double-lipped ring or sabot is here seen to be almost identical in form with that 
already fully described in the class of muzzle-loading expansive projectiles ; the 
only difference, in fact, is in the slightly-increased diameter, c a, tapering to the 
true diameter of the projectile at d b. On the front of the projectile is a light 
band of lead, * *, secured by undercuts in the projectile, and having a superior 
diameter, slightly .exceeding the bore of the gun, though somewhat less than the 
diameter, d b. Instead of this leaden ring, however, I would prefer to use a 
delicate bevelled ring of soft brass (Plate XVI.), having a superior diameter, b b, 
very slightly exceeding the diameter of the bore ; or, in large projectiles, when it 
may be thought desirable to allow more windage, the bevelled segments, * -v, shown 
on Plate XVII., might be employed to advantage. 

Operation. — To those familiar with the subject the operation of these pro- 
jectiles is obvious. It has already been explained that the sabot may be so ar- 
ranged by properly limiting the length and thickness of the upper lip that under 
the heaviest pressures that part of the sabot will not be set up into the grooves 
any further than desirable towards the line e f (Plate XV.), and that, conse- 
quently, the junction of the two metals along that line will be as smooth and 
perfect as before firing ; in other words, the impression of the rifling deepest at 
c a upon the upper lip runs out about at d b, or disappears a little beyond that 
line. To explain further — conceive any ordinary expansive sabot to be operated 
upon by the discharge. If of soft metal, it will be set up equally along the line 
v d e, and there will, consequently, be a shoulder at the junction of the sabot and 
projectile proper ; that is, the soft metal will rise above the surface of the pro- 
jectile along the line ef. If the sabot is a ring or band of brass or hard metal, 
intended to be expanded by the entrance of gas between the sabot and the iron 
body of the projectile, the same thing will obtain. (See Pig. 2, Plate I.) If a 
cup be driven upon a conical base, we have a like result ; and taking the concave 
disk, the same thing will still obtain. Suppose any such projectile to be fired 
from a breeeh-loading gun, the sabot being freely expanded in the chamber 
would, of course, provide a shoulder along efto be nipped by the grooves with 

*Thc breech-loading stud system, which is an outgrowth of the dissatisfaction prevailing with regard 
to the compressive lead-coated system, 1 have not thought it worth while to discuss. 
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the absolute certainty of being stripped from the projectile, us the latter was 
being forced through the rifling, with ample opportunities of wedging in a 
manner most objectionable. 

Let the projectile on Plate XVII., however, be inserted in a breech-loader, 
and pushed forward in the chamber in the same manner as the ordinary lead- 
coated shot, until the bevelled segments on the front of the projectile stop 
against the rifling at the head of the chamber ; the front end of the projectile is 
by this means centered. The first effect of the discharge is to expand the upper 
lip to the full diameter of the chamber with great evenness and uniformity, as 
experience has proved, thereby centering the rear of the projectile, the front of 
which is already centered in the rifled portion of the bore. The projectile being 
thus accurately centered in the chamber, its axis coinciding also with that of the 
bore, it is launched straight through the latter on its path. It has already been 
explained that the sabot will never rise above the surface of the projectile along 
the line cf; consequently, the upper lip, being expanded to the full diameter of 
the chamber, will present a tapering surface toward the rifling of the gun, 
which itself forms a bevelled junction with the chamber. As the projectile, 
therefore, is forced into the bore, the expanded upper lip is compressed by the 
rifling, and the impression of the lands is thus made upon it. Now, if the sabot 
were solid and rigid, instead of being grooved and yielding, we would lose much 
and gain nothing by the substitution of brass or copper for lead, except that 
there could be no leading of the grooves ; and unless the bore tapered slightly 
towards the muzzle, thereby increasing friction, the projectile would become 
looser and looser as it made its way through the gun. Instead of this, however, 
as the projectile is forced into the rifling, there is a yielding and elastic cushion 
of gas under the distended upper lip, which not only limits the wedging strain 
upon the gun, but keeps the upper part of the sabot distended throughout the 
passage of the projectile in the bore, whereby the projectile is not only kept ac- 
curately centered, but any chance inequalities or obstructions within the gun 
will be readily passed over, owing to the yielding but clastic character of the 
contact. The front part of the projectile is centered, of course, by the front 
bands or segments, which should be of such diameter as to take but a faint im- 
pression of the rifling — just sufficient, in fact, to secure a good bearing. This 
bearing will be good throughout the bore, for there will be just sufficient " slip " 
of the sabot from the attrition of the edges of the grooves upon it to keep the 
various points of contact of the front bearing always fresh and tight. For the 
reason that the yielding of the upper lip limits and controls the wedging force 
cf this projectile, it is practicable to ensure the perfect centering and constant 
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contact of the front bearing by a very slight contraction of the bore toward the 
muzzle. I maintain that such an expedient would be devoid of all hazard with 
this projectile, but not so with the ordinary lead-coated shot. It is clear, also, 
that the usual narrowing of the grooves toward the muzzle will not be necessary 
or even advisable with the expansive projectile. If the sabot be grooved, as 
shown in Fig. 2, Plate XV., it will be impossible for any of the solid, non-ex- 
pansive portions of the sabot to take even a faint impression of the rifling. 

Instead of the bevelled ring or segments or the leaden band already de- 
scribed, the front part of the projectile may be provided with a soft brass or 
copper wire, as shown at s s in the figure on Plate XVII. The wire could be 
very readily attached in an annular groove in the projectile, and I doubt not 
that a number of such wires encircling the projectiles at different points through- 
out its cylindrical length would give results in some respects superior to the 
lead-coated projectile, although, like the latter, it would not enter the chamber 
absolutely true, and is objectionable on other accounts.* 

For a non-expansive projectile I would prefer that shown on Plate XVI., 
having parallel bevelled rings of soft brass or copper, front and rear. Any num- 
ber could be applied, but two or three would no doubt be sufficient. The rear 
ring could either be solid or slightly grooved, as shown in the drawing — not for 
expansion, but simply to facilitate compression of the rear band, upon which is 
devolved most of the work of rotation. With such projectiles it might be 
advisable to taper the bore of the gun very slightly toward the muzzle, in order 
to ensure a continuous bearing throughout. But, as I consider this objection- 
able, I need scarcely say that I prefer the designs given on Plates XV., XVII., 
and XVIII. 

One other breech-loading projectile remains to be described, and it requires 
no better illustration than is given in Pig. II., Plate XIX. It is simply the 
expansive breech-loading projectile previously described, without the front cen- 
tering, or bearing, rings or segments. The admirable practice with the muzzle- 
loading expansive projectiles, constructed on a similar principle, gives good assu- 
rance that when a moderate windage obtains over the projectile, as has been ex- 
plained, no front bearing is necessary. In the case of the muzzle-loader, the upper 
lip of the sabot is quickly and evenly expanded, and the escaping gases are there- 
after distributed uniformly about the projectile ; but in the case of a breech- 
loading projectile, like that in Fig. II., Plate XIX., the gases are evenly dis- 

* Since the above M as written I have seen reference to experiments with projectiles of this character. 
This suggestion of the copper wires is therefore anticipated. 
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h'ibnted from the start. The outward flare of the upper lip serves as the neces- 
sary stop for the projectile against the bevelled junction of the rifling and the 
chamber (the body of the projectile resting in the rifled portion of the bore) ; and 
tine practice having been obtained with a muzzle-loader, I see no reason why 
equal, if not superior, results might not be obtained from a breech-loader pro- 
perly rifled and served with these projectiles. 

In such a system the length of the rifled part of the bore is increased by the 
cylindrical length of the projectile, or the gun maybe shortened to a like extent; 
the chamber is shortened by one-half, and may be more easily kept clean ; the 
projectile may be more easily inserted, with less danger of sticking owing to 
foulness, since the chamber may be of much greater diameter than the bore ; we 
are not restricted as to the character of the pitch ; and, finally, any desired length 
of projectile may be used without altering the powder-space behind it. 

The Rijliny. — The general character of the rifling in breech-loaders consists 
in a great number of shallow grooves, usually narrowing toward the muzzle, to 
make up for the slip and abrasion of the leaden jacket of the projectile. The 
bore has also sometimes been contracted toward the muzzle to accomplish the 
same purpose. Neither of these measures is necessary or advisable with the pro- 
jectiles just described, which would doubtless, however, give moro or less satis- 
faction with almost any form of rifling, unless, indeed, the grooves were very few 
and rounding. 

When the short chamber is employed, and the projectile has no front bear- 
ing, I would propose identically the same rifling as that suggested for muzzle- 
loaders, and described in the first part of this report. But when the long cham- 
ber is used, it would probably be advantageous to increase slightly the number 
of the grooves, but in no case to remove much more than half the original sur- 
face of the bore in rifling ; in other words, the width of the grooves should not 
exceed but little, if at all, that of the lands. The narrower the lands and the 
wider the grooves, the more sharply will the former impress the upper lip of the 
sabot, as it passes through the bevelled shoulder of the rifling ; but the bore 
would be more liable to injury, and especially by the use of canister, which 
would be impracticable if the lands were very delicate. Eor example, a 3.5-inch 
gun, with sixteen grooves, the lands being each 0.2-inch wide, would undoubt- 
edly give great accuracy of fire ; but eleven lands, each 0.45-inch wide, would 
doubtless yield equal accuracy and much greater endurance. 

In the bevelled junction of the rifling and chamber for these projectiles I 
also propose a modification. Figs. 1 and 2 on Plate XIV. show the ordinary 
ramps, so to speak, which lead from the chamber to the tops of the lands or 
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surface proper of the bore. The chamber is always the full depth of the bore, 
plus that of the rifling, and in large calibres something over. I propose for a 
double-bearing projectile that the chamber be equal in diameter to the bore, 
plus half the depth of the grooves. Tor the same length of ramp, therefore, 
the ascent will be easier, while the projectile will be just as easily inserted in the 
chamber as is the expansive projectile in the muzzle-loading gun; and at the 
same time the Jiare of the upper lip may be reduced. The figure on Plate 
XYIII. illustrates this form of junction, which I consider is well suited to either 
the double or single bearing projectile. For the latter, however, the chamber 
may be of almost any desired diameter ; and it will be found a great advantage, 
probably, to have the diameter considerably larger than the bore, as the projec- 
tile may then be readily loaded, and fouling of the chamber will be less an 
obstacle to the insertion of the projectile. 

It has sometimes been the practice in breech-loading guns (at least the 
attempt has been made) to form the chamber of two diameters. The part next 
to the bore for a distance equal to the cylindrical length of the projectile is made 
to exceed slightly the diameter of the bore ; this we might term the shot-cham- 
ber. Back of this there is the powder-chamber, of yet greater diameter, the 
powder-chamber being connected with the shot-chamber, and the latter with the 
bore -of the gun by the appropriate ramp or bevelled surface, usually the frus- 
trum of a cone. It is obvious that such a form of chambering is well adapted 
to the proposed double-bearing projectile, since the shot-chamber, and the ramps 
connecting it with the powder-chamber and the bore respectively, may be so 
arranged as to accurately centre the projectile in the operation of loading. (See 
Fig. 2, Plate XVIII.) In this case the shot-chamber might require to be rifled, 
and the superior diameter, c d, of the sabot w ould have to exceed slightly that of 
the front bearing device. The objection to this form of double chambering for 
lead-coated projectiles is that to be wholly efficient it must very slightly exceed 
the diameter of the bore, and, consequently, when it fouls, the shot would stick 
in loading. With the expansive projectile it would probably be kept compara- 
tively clean by the sabot. 

In all except his smaller calibres, Krupp makes the chamber eccentric with 
the bore, the axis of the chamber being above that of the bore. This is an at- 
tempt to have the projectile enter the bore as true as possible, by having their 
axes nearly coincident at the start. With the proposed projectiles this feature 
would not only be unnecessary but objectionable ; and the chamber and bore 
should be concentric, for the reason that the projectile centres itself in the former 
before leaving it, and enters the bore a perfect fit and accurately centered. 
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The details of the proposed rifling for the double-bearing projectiles are 
given in the following table. Without the front bearing, the short chamber 
would be used, and the rifling, as has been stated, should be identical with that 
proposed for muzzle-loading guns : 

TABLE X. 



JJetaih of proponed rifling for breech-loading guns. 
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The pitch here given (the same as recommended for muzzle-loading guns) is 
admirably adapted to projectiles of the class shown 011 Plate XIX. It is, I think, 
almost equally well adapted to the double-bearing projectiles shown on other 
plates, as the constant difference in the angle of the pitch at the two bearing- 
points of the projectile, throughout its passage in the bore, would little more 
than make up for the "slip," and therefore the more positively assure the con- 
stant bearing of the soft front ring upon the lands. 

The advantages of the system* — The advantages of this proposed system of 
projectiles and rifling for breech-loading guns will be apparent : 

* Although the double-bearing projectiles, combined with the long or double chamber, and the projec- 
tile and short chamber shown on Plate XIX., might be called two distinct " systoms," it is more con- 
venient to consider them as simple varieties of the same general plan. 
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1. The action of the projectile having been explained, it is clear that in the 
case of the single-bearing projectile and short chamber (Pig. 2, Plate XIX.) 
there can be no undue strain from the checking of windage. The sabot is 
forced no more deeply into the grooves than occurs in a muzzle-loading gun, 
while the slight quantity of gas which escapes is distributed evenly about the pro- 
jectile. In the case of the double-bearing projectile and long chamber fc (Fig. 1, 
Plate XIX.), the upper lip of the sabot being expanded, the first effect is to close 
windage, it is true, but not until the shot has got under motion ; and although the 
sabot probably does not reach the rifled portion of the bore before the maximum 
pressure is attained, such pressure is at least confined to a shorter portion of the 
chamber; and the moment the rifling is reached, a moderate safety-valve is 
opened which will tend to prevent any accumulation of pressure in case of un- 
expected obstruction. 

In the case of the lead-coated projectile, no matter whether the powder be 
quick or slow, the maximum pressure must invariably be exerted throughout 
the entire length of the chamber, for the windage is closed from the time the 
front portion of the projectile is forced into the rifling, and the pressure about 
the projectile is as great as in rear of it. 

I may as well state, at this point, that if it is thought desirable, in the use 
of either of the expansive projectiles described, to entirely close the windage, 
this can be done very readily by a soft lead ring in front or by a thin flange on 
the base of the projectile \ and, on the other hand, if windage is desired in the 
chamber as well as in the bore, it can easily be effected by grooving the sabot, by 
attaching it in segments, by grooving the chamber longitudinally with channels 
too narrow to admit of the sabot being forced into them, or by three or more 
holes running diagonally through the base of the projectile, and terminating at 
its cylindrical portion. But I consider the system better as it is. 

2. The forcing of a lead-coated projectile into and through a gradually con- 
tracting bore of less diameter, or through contracting grooves, consumes, as has 
been explained, a great deal of power, develops, by the resistance, an increased 
powder-pressure behind the projectile, and imposes a wedging strain itself upon 
the gun. It needs no argument to show that much less strain must be imposed 
from these causes by projectiles such as are here presented. The forward part 
of the projectile, when a band is used, has little more bearing than is necessary 
to keep it centered and true, while the rear device, yielding to the compression as 
it is forced into the rifling, takes sufficient impression of the same to rotate the 
projectile, and is thereafter kept distended by the powder-gases during the pas- 
sage of the projectile through the bore. After the first light compression by the 
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rifling at the junction of the latter with the chamber, this shot produces no 
wedging strain whatever on the gun, hut slides through the bore very much as 
a u steam-packing " piston moves through its polished cylinder. 

3. Eouling must be less than with the lead-coated projectiles; and, there- 
fore, any strains resulting therefrom must be proportionally reduced. " Lead- 
ing" is, of course, impossible; and even if a front bearing of lead be employed, 
the expanded upper lip would probably remove all leaden deposits. 

4. A bearing of lead upon iron is, mechanically speaking, one of the worst 
conceivable, and particularly under high pressures and velocities ; on the other 
hand, a bearing of brass or copper upon iron is one of the most perfect. 

5. The great reduction in velocity which the ordinary compressive projectiles 
sutler by forcing and fouling has already been alluded to. With the new pro- 
jectiles, both forcing and fouling being lessened — the former, in fact, very greatly 
reduced — superior velocities must be attained. For the same charge and kind of 
powder, and the same weight and calibre of projectile, I sec no reason why the 
velocity should not equal that of the muzzle-loading expansive projectile, in 
which case, other conditions being the same, they would surpass the lead-coated 
shot considerably in velocity, with assuredly less pressure. The friction of the 
expansive breech-loading projectile would exceed at first, at the point of its en- 
trance into its rifling, that of the expansive muzzle-loading projectile ; but this 
would probably be compensated for by a more thorough utilization of the powder- 
gases for the first few inches of the projectile's movement in the chamber, with 
possibly a slight increase of pressure. 

0. The increasing pitch, although unquestionably more desirable in the 
breech-loading than in the muzzle-loading systems, on account of the projectile 
having considerable velocity when it suddenly " takes the grooves," is neverthe- 
less impracticable with the lead-coated shot, as the changing angle of the pitch 
would shear the lead. But with the proposed projectiles the increasing pitch is 
entirely practicable, owing to the shortness of the bearing in the grooves by the 
upper lip of the sabot which conveys rotation to the projectile. The front bear- 
ings, when employed, having comparatively light contact with the lands, the 
varying angle of the rifling will be just sufficient to make up for the abrasion or 
" slip " of the bearings, and keep them in fresh and perfect contact with the 
lands throughout the passage of the projectile in the bore. 

7. The proposed projectiles are not as liable to injury in store, handling, 
and transportation as those which are enveloped by a leaden jacket. If a severe 
dent in the brass sabot should, however, prevent the loading of the projectile, a 
few blows from a hammer upon the prominent parts would correct the matter. 
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The mere bending or mashing' in of the upper lip of the sabot will not affeet the 
satisfactory action of the projectile. This objection of liability to injury which 
is urged against the expansive, compressive, and stud projectiles by the advocates 
of mechanically-titted, iron-grooved, or ribbed projectiles, has, in my judgment, 
but little force. The lead-coated shot is rather tender, it is true ; but if this 
were its only fault, the objection could not be considered serious. I venture the 
opinion that the number of projectiles injured by dents and bruises resulting 
from handling is not large. Field-projectiles are packed in ammunition-chests, 
and suffer no very rough usage if packed properly. As to projectiles of larger 
calibre, there is no reason for handling them roughly, and they seldom receive 
such treatment. As to boxing them for transportation, if a projectile is worth 
anything, it is worth taking care of; the money value of its material alone 
would justify such care, to say nothing of the finished value or of any peculiar 
merit of the shot itself. 

8. If the entire suppression of windage affects accuracy unfavorably, then on 
this ground we may expect the new projectile to prove more accurate than the 
old. There is reason, however, to expect superior accuracy on other grounds. 
In the first place, the proposed projectile being centered by the uniform expan- 
sion of its sabot in the chamber before entering the bore, it is believed that it 
will do so with its axis absolutely coincident therewith, while the lead-coated 
projectile is liable to enter the rifled portion of the gun w ith its base slightly 
depressed ; and as the gases rushing over it have a tendency to keep it in that 
position while leaving the chamber, it cannot enter the bore perfectly true, nor 
receive rotation accurately about its longer axis. In the second place, friction 
being very much less, velocity will be greater, and the trajectory less curved, 
than with a lead-coated shot of equal weight, fired with the same charge. 
Again, it is unquestionably true that the smoother the exterior surface of a 
shot, other conditions being the same, the more accurate will be its flight. The 
lead- coated projectile, after leaving the bore, will be found very much roughened 
by the rifling. The proposed projectile, on the contrary, is, during flight, one of 
the smoothest in use, and is besides, for field service, a better shape, being longer. 
Holley says in reference to this subject : " The compressed lead-coated shot is 
also likely to be thrown out of line by the greater compression of the lead at one 
point than another." " The stripping of soft-coated projectiles with high charges 
is another source of inaccuracy." " The lateral motion of a rifle-shot, due to the 
resistance of the atmosphere, depends upon the smoothness of its surface. The 
projections formed on the shot to fit the rifling act like the floats of a paddle- 
wheel ; and these must be most numerous and deep in a lead-coated shot, in case 
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of a high rotation, to prevent stripping"; and these numerous ridges not only 
increase drift, but rapidly decrease the rate of rotation." 

1). When it may be thought desirable to increase the charge beyond the 
usual capacity of the chamber, the proposed projectile affords a ready means of 
so doing by simply reducing or removing the forward bearing, or driving (that 
is, " forcing'") the shot forward to the desired extent. In the case of large guns, 
when; it may be thought desirable to have two charges for service — a light 
charge, for example, for ordinary service, as against light-armored or wooden 
vessels, earthworks, city bombardment, etc., etc., and a heavy or battering 
charge for use only against heavy iron-clads, strong fortitications, or for great 
ranges — two classes of projectiles may be employed, the heavy projectiles having 
the front bearing ring shifted back, so as to allow the projectile to be further 
advanced in the bore, thereby providing a greater space for the cartridge. On 
the contrary, the lead-coated projectile allows but a limited departure from a 
standard length of bearing, and to that extent will allow less variation of tin' 
charge. In the case of the .short-chambered system, should occasion require it, 
the gun can be employed efficiently as a muzzle-loader, simply by keeping on 
hand some projectiles having the "JUtre" upon the sabot omitted. In this case 
any desired charge may be employed, and the gun loaded cither at the breech or 
at the muzzle. 

10. It is questionable if grape or canister can be employed in breech-load- 
ing guns, rifled and chambered in the usual manner, as the ease of canister 
resting back of the rifling, and suddenly dashed into it, would in a very short 
time destroy the rifling in front of the charge, if not imperil the gun itself. On 
the contrary, the short-chambered system shown on Plate XIX. is admirably 
adapted to either grape or canister firing, since the ease would rest entirely 
within the rifled part of the bore, held in position simply by a narrow flange at 
the bottom. 

11. The long chamber for the accommodation of the lead-coated projectile 
must be as small in diameter as possible, as otherwise there is an objectionable 
amount of windage. If too small, it soon fouls, and the projectile "sticks" in 
loading; if too large, " scoring " or "guttering" is greatly increased, and even 
more serious difficulties are incurred. In the case of the shot-chamber here 
recommended, it may be any convenient diameter ; neither the position of the 
shot nor the question of windage being in the slightest degree affected thereby. 
In the long or double chamber, when using the projectiles shown on Plates 
XV., XYL, etc., the expanded sabot will probably scrape off the foul deposit of 
each preceding discharge. 
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12. The chamber of a breech-loading gun, unless a cartridge-case be used, 
fouls very quickly, and is more difficult to clean than even the muzzle-loader, 
because the dirt is liable to get into the fermeture. The shorter the chamber, 
therefore, the more easily may it be cleaned ; and the larger its diameter, the 
less frequently will it require cleaning. 

13. The increased length of the rifled portion of the bore, in the case of the 
short chamber, and, in any event, the adoption of the " compromise " pitch for 
breech-loading guns, will, it is thought, prove of material advantage for reasons 
previously discussed. 

14. Owing to the resistance which the lead-coated projectile opposes at the 
start — that is, its inertia, plus its resistance to forcing — the maximum pressure is 
developed very quickly, and increased ; whereas, in the expansive breech-loading 
shot, this second source of resistance is comparatively trifling, and the projectile 
readily gets under way before the maximum pressure is attained. 

15. The proposed projectiles have a larger capacity for a bursting charge or 
as case-shot than the present breech-loading projectiles, the length of the lead- 
coating upon the latter being restricted by various circumstances. 

10. Whatever the merit of the time-fuse, it is clear that it can be used in its 
simplest and best form in the proposed system of projectiles and rifling, as there 
is plenty of windage through which the flames of discharge may pass to the head 
of the projectile, which is not the case with the ordinary compressive shot. 

17. The use of molten metal is entirely practicable in the new projectiles, 
and impracticable in any projectile having a leaden jacket. The shell being 
charged with the metal, I should simply adopt the precaution of attaching to the 
base of the projectile a light, sub-calibre wooden sabot to prevent contact of the 
cartridge with the base of projectile. 

It is undeniable that the faults of the present systems of rifling and projec- 
tiles for breech-loading guns are many and grave, and any plan which gives fair 
promise of remedying these defects demands earnest consideration. How far the 
system herein advocated may prove a success cannot, of course, be absolutely 
known until practical trials have been made. It is submitted, however, with 
much confidence, that it will be found to possess, in a full measure, all the advan- 
tages of the old systems, with fewer and less serious defects. 
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Part Third. 



THE F LANCED SYSTEM. 

The adoption, for our proposed experimental muzzle-loading guns, of the 
"Woolwich or any other stud or flanged system of rifling and projectiles would, I 
think, be a mistake. I am aware of a prevailing dissatisfaction, in this country 
as well as in Europe, respecting the expansive system; but trust that, with the 
record of our recent experiments before it, the Board entrusted with the decision 
of this question may consider it unwise to abandon a system which, as recently 
improved, has shown itself equal to the severest demands of service, and seems 
to hold out such excellent promise of success. But, in view of a possible incli- 
nation to the contrary course, I am induced to enter somewhat more into detail in 
my discussion of the flanged system than I should otherwise consider necessary. 

Under this system may be classed all those projectiles which have projec- 
tions, in the form of studs, ribs, or flanges, on their surfaces, intended to be fed 
to the grooves in loading. And it may also be said to comprise all mechanically- 
fitted projectiles like the Whitworth and Lancaster ; for the salient departures 
from a circle, in cross-section of the projectile, may be regarded as flanges, while 
the corresponding angles in cross-section of the bore, and into which these flanges 
are fed, constitute the grooves. It would pass the limits of this report to discuss 
these various modifications of a common system, none of which can be said to 
have given entire satisfaction, but all of which leave revealed serious faults and 
shortcomings. 

The English Government, during a series of costly and extensive experi- 
ments, extending over a period of many months, has passed through an experi- 
ence with the expansive systems of Thomas, Britten, Jeffry, and others-; with 
the compressive system of Armstrong, and various forms of lead-coated projec- 
tiles; with the "flanged " systems of Whitworth, Scott, Hadden, Lancaster, the 
Shunt, French, and others; and lias at last adopted — or, as it may turn out, 
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" provisionally " adopted — a modification of the French rifling and skid projec- 
tile, known as the " Woolwich system." 

It will be safe to assume that the English authorities at Woolwich found 
good and sufficient reasons for this decision in the revelation of grave defects in 
the numerous other systems so thoroughly tested ; and, in deciding in favor of 
the Woolwich plan, were governed by a sincere desire to secure for their guns 
the most perfect S3 T stein available. In fact, no other inference is admissible 
than that this system proved itself at least worthy of such preference. I shall, 
therefore, confine myself principally to a consideration of the Woolwich system 
of rifling and projectiles, simply premising that, whatever its defects, no other 
plan would seem up to this time to have shown itself so free from faults as to 
warrant its adoption in place of the Woolwich. (Such, at least, appears to be 
the view at the English War Office.) Therefore, in criticising the Woolwich 
system of rifling and projectiles, if we condemn it, we condemn a fortiori, from 
an English stand-point, the competing systems also. 

It is unnecessary for me to refer in detail to the few experiments made in 
this country with flanged projectiles. The plane-grooved 8-inch and 12-inch 
shot, fed to the square grooves of their respective rifles, gave records which I 
presume have rendered the adoption of such a plan out of the question and 
criticism superfluous. 

TheWoolmcli System. — This system is so well known as to render a descrip- 
tion of it unnecessary. That the English have succeeded in building a strong 
gun is very generally admitted. Precisely the ratio in respect to strength 
between the Woolwich combination, Krupp's steel, and our best cast-iron 
guns has never been satisfactorily determined ; although there is little question 
in my own mind that both the Woolwich and the Krupp rifles are unnecessarily 
strong (when perfect in material and construction) for the work actually accom- 
plished by them. By strength I do not, of course, mean simply tenacity, but all 
those properties of tensile strength, compressibility, extensibility, hardness, de- 
gree and limit of elasticity, tenacity within clastic limits, uniformity of product, 
etc., etc., which could each be possessed in the required degree, and, united in 
one product, would render unnecessary all further search for a perfect gun-con 
structiou. 

Whatever the merit of the Woolwich gun in point of strength, the results of 
practice are not considered satisfactory, while the gun itself yields nothing like a 
creditable endurance. If we admit the excellence of the material and gun-construe - 
tion, and the good character of the English large-grained pebble and pellet pow- 
der, we know exactly where to attach the blame, and must necessarily lay it to 
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the projectiles and rifling. Briefly, I consider the rigid studs and rounded 
grooves, which constitute the French-Woolwich system, as one of the most inge- 
nious plans for subjecting rifled guns to inordinate and destructive strains that 
could possibly be devised; and if, as we are to infer, it has impressed the British 
mind with its superiority over other competing systems, poor indeed must have 
been the performance of the latter. As to the Woolwich system being an 
"improvement" on the French, poor as the French plan maybe, it seems in- 
credible. 

It is scarcely worth while to discuss in much detail the causes of failure in 
the Woolwich plan of rifling. It seems difficult indeed to believe that half-a- 
dozen shots could he fired without the wedging of a projectile by the "over- 
riding 1 ' of the studs on the rounded edges of the lands. Innumerable complaints 
from English sources that this is just what does occur, and occur frequently and 
destructively, give force to the belief that the Woolwich system is a failure. 

Referring to Fig. I., Plate XX., which represents with sufficient exactness 
a portion of a Woolwich groove in perspective, and conceiving the bronze studs 
on the projectile which are intended to fit loosely into such grooves to be in 
place, it will be seen that the system has for its double purpose the rotation and 
centering of the projectile at one and the same time. The advocates of this plan 
for killing two birds with one stone have not, it is presumed, lost sight of the fact 
that the projectile is not " centered " by the curves cut out of the grooves in cross- 
section, but rather by the curves cut through the grooves by planes passing 
through the axis of the bore ; and yet on no other hypothesis than the existence 
of such a misconception can the practice of rounding the edges of both grooves 
and lands be satisfactorily accounted for.* Thus, while a cross-section through 
the rifling shows in each groove a curved ramp, a, b, up which the studs are popu- 
larly said to climb in order to "centre" the projectile, longitudinal sections 
through the gun show in each groove a second ramp, c, d, c, of lesser grade, up 
which the studs actually do climb. It is just here that the mischief occurs; this 
second ramp is so gradual in ascent, especially with the increasing pitch, as fre- 
quently to lead to the wedging and jamming of the projectile, the over-riding of 
lands, etc., etc. 

The English are very severe critics of their own system, and the complaints 
respecting it are so universal that I question if the system will be retained much 
longer, at least without further modification. The Mechanics'' Magazine says in 
this connection : 

* True, if the bearing-edges of the grooves he square, and the Woolwich stud has free [day therein, 
the shot will "dance about" or ballot within the bore in ratlier an objectionable manner. 
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"The naval and military journals are beginning to complain that six yearn 
of ceaseless improvement have failed to provide our heavy guns with suitable 
projectiles. The unexplained and extraordinary pressure of sixty-six tons to the 
square inch in the powder-chamber of the thirty-live ton gun, instead of the usual 
thirty tons due to the charge, and the consequent splitting of the steel lining, have 
given point to these complaints. 

" It has been suggested that, as the soft studs of the shot are frequently 
wrenched out of .their sockets, or squeezed out of the grooves and over the lands, 
this may have occurred to the thirty-live ton gun, resulting in a check to the exit 
of the shot, and consequent increase of pressure in the breech. 

" The cause of this wrenching out of the sockets, or flattening of the studs, 
which often results in the breaking up of the projectile^ is not far to seek. Our 
readers will remember that the gun has nine grooves cut into the lining, and that 
the projectile has two soft-inctal studs for each groove, equidistant from the cen- 
tre of gravity and about eight inches apart, on which it is poised, and by which 
the rotary motion is secured. These studs are set up into undercut holes 1.6 
incli in diameter and 0.3 inch deep, forming two rings, which so weaken the 
walls of the shell that we arc authoritatively told that a cracked projectile may 
be divided in two with surprising case by a blow on the stud, as fixed on the pre- 
sent system. One ring of studs, denominated the ' driving studs,' concentrates 
the whole etFort of rotation upon itself, bringing the entire strain on about half 
an inch of the groove at a time and as a constant on the same position of the pro- 
jectile. 

" The squeeze is enormous, and all efforts during six years to enable the stud 
and the projectile to withstand it have resulted in the reduction of the capacity 
of the shell in the larger calibres, without attaining the desired end. 

"Bearing in mind the enormous expenditure upon the Armstrong lead- 
coated projectile, before that could be superseded, and what has already been 
incurred upon the studded one, it would seem to be high time that the further 
manufacture of these projectiles should cease until all their defects have 
been overcome, or until the description of shot that is to supersede them is 
settled." 

" The Engineer" says the Army and Navy Journal, " directs attention to 
what we may call the mechanical cruelty of ' seizing a shot and forcing it to 
rotate through the medium of its studs. Chilled projectiles generally cracked 
themselves in a line running through the studs. In some cases it was found very 
difficult to break cracked shot or shell into two parts, until the expedient of 
striking a blow on the stud was resorted to, when the projectiles at once opened 
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asunder.' This explains why studded projectiles always break up through the 
stud-holes opposite to the grooves or Aveakest part of the gun." 

Commander Dawson, Il.^N r ., in an interesting paper read before the United 
Service Institution, severely criticises the Woolwich system of rifling, and attri- 
butes to it " the short lives of the present English guns." He also finds fault 
with the increasing pitch, and condemns it as especially hurtful in the studded 
systems. From this paper I will make a few extracts : 

" The ablest artillery authorities are agreed that a iicav system of rifling 
in ust be sought for the heavier guns, if they are to throw shells of adequate 
length, and to endure rapid continuous fire, such as they will be subject to in 
well-contested naval actions or in bombardments. It behooves artillerists, then, 
to study the mechanical principles which distinguish the few systems of rifling 
which have been successfully tested, with a view to observing their relative 
merits, and to forming intelligent opinions on such schemes as may be presented 
for adoption. Xow, seamen have great opportunities of close observation, and, 
if they will only collect and collate numerous facts, may add greatly to the 
stores of knowledge, and they may enable artillerists to deduce from those facts 
some of the true principles of science. After the expenditure of two and a half 
millions sterling in five years, the Duke of Somerset confessed, in 1863, that the 
country had no better gun than the 68-pounder ; and although the Armstrong 
projectiles had been tried, there was no prospect of supplying our iron-clads with 
heavy rifled guns, and, in despair, the Admiralty insisted upon having various 
heavy smooth bores. 

" Again, the object of rifling a gun at all is to spin the projectile so perfectly 
that it shall ' sleep ' like a boy's peg-top when well spun, and not wobble like 
the same top when badly spun. A well-spun shot flies through the air point 
foremost, making a sharp 'whizzing' sound, such as every rifleman is familiar 
with. A sharp ' whiz ' indicates that the bullet has been centered in the bore, 
and that the rifling has done its work well. But an intermittent ' puffing ' noise 
in the air indicates eccentric gyrations, which have been impressed upon the 
projectile whilst still in the gun. A ' puffer ' in the air is necessarily a ' wobbler ' 
in the bore;; and, though the 'puffer' reaches its destination in due time, its 
range is decreased by the expenditure of effort in ' dancing ' instead of walking 
the distance. 

" As the Woolwich projectile sits in its seat in front of the powder charges 
it rests upon the two lower studs, no other part of the shot touching the bore. 
The centre of the shot is, therefore, below the centre of the bore, and there is 
a considerable space above the shot, the loading side of the two lower studs 
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touching that side of the lower groove. When the charge is ignited, a horizontal 
blow is inflicted on the base of the shot above its centre, and the gases escaping 
above it strike also a downward blow in the rear. The shot, being balanced on 
two studs, has its rear struck downwards and its front tipped upwards by the 
escaping gases. This originates a vertical hammering action, which shows itself 
sometimes by flattening the lower rear stud, by spiking the lower groove about 
twelve inches forward of the seat of the rear stud, by spiking the upper groove 
about twelve inches forward of the spot over the seat of the fore stud, by scoring 
the base of the shot, or by flattening in certain cases the seat of the shot. More- 
over, the lower studs resting at the bottom of a curved groove necessarily come 
into bearing on the driving side before the other studs, which have a less deep 
hold of the other grooves. Each set of studs comes thus into driving bearing 
successively, imparting a succession of blows which result in a lateral wriggling 
motion. Should the lower rear stud have been flattened by the vertical blow of 
the escaping gases, it will come into driving bearing at a still earlier period than 
its fellows. As the projectile proceeds along the bore, another set of studs 
occupies the lower position ; and as these have not suffered either from the vertical 
blow of the escaping gases or from the side blow of first coining into bearing, 
their force is unaltered, and they take the grooving at a less depth, again alter- 
ing all the bearings of the several stud rows. 

" We have thus a succession of lateral wriggling motions imparted to the 
projectile as it turns round in its passage along the bore. When an increasing 
spiral is superadded to the difficulties placed in the way of the shot's escape, it 
is evident that the muzzle strains must be greatly enhanced, and that the major 
part of the work of rotation must be borne by the one rear stud in the lower 
groove. Indeed, it has been found that, by cutting away the front studs and 
several of the rear ones, the wriggling is not so very much worse than when they 
are all present, showing that the work of rotation is really shared by very few 
of the studs. As the centre of the French shell does not rise to the centre of the 
piece, the principal powder-action on its rear is above the centre all along the 
bore in its exit. So that we have in the non-centering Woolwich stud system a 
maximum of lateral wriggling and vertical hammering, and a minimum of 
rotary power. The natural result is that the projectiles arc imperfectly spun, 
and the sure index that it is so is the ' puffing ' noise with which every naval 
officer is familiar." 

From an article, entitled " Wobbling of Woolwich Shell," in a recent num- 
ber of the Mechanics* Magazine, I extract as follows : 

" The object of rifling in an elongated projectile is to compel it to spin rapidly 
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round its major axis. To do this effectively the centre of the projectile must 
coincide with the centre of the bore, and it must be so gripped longitudinally 
t hat it cannot oscillate vertically or horizontally. About the most un mechanical 
contrivance known to us for achieving this purpose, is the French system of 
studded rifling, at present in use in the British service, by which the projectile 
is balanced on two points in the lower section of the bore. According to all 
mechanical principles recognized among engineers, this plan seems clearly 
devised so as not to centre the projectile in the bore, and not to spin it perfectly 
round its major axis. It would, indeed, puzzle a mechanician to devise a more 
fallacious system of rifling, if mechanical principles have any truth in them. 
Yet the ' Pall Mall Gazette] among other very confident assertions, states that 
k it is not a fact that our projectiles " wobble." ' 

"Now, either all recognized mechanical principles are false, or the ^ Pall 
Mall Gazette' 1 is as mistaken in this apparently inspired assertion, as in the many 
other self-complacent assertions and point-blank denials which it makes relative 
to the effects of French rifling in British guns. This is a plain question of fact, 
' Do our projectiles wobble,' as pointed out by us, and as they ought to do accord- 
ing to the laws of mechanics, or do they spin truly and sufficiently round their 
major axis? If they do not spin, the whole object of rifling the gun is defeated; 
but if they do spin truly and sufficiently, then a new principle in mechanics has 
been practically established. 

" We have before us certain official works, published by the Secretary of 
State? for War, and issued by the Department of the Director-General of Artil- 
lery, neither of which officials would desire to say one word deprecatory of 
the present service system of rifling ; and we have also the Professor of Artil- 
lery's work on modern artillery. The latter tells us : — ' In hard projectiles, having 
studs, there will generally be a slightly oblique movement of the axis of the pro- 
jectile — in other words, " wobbling." ' 

" The official work ' On Ammunition,' Part II., page 58, states that k the 
Committee on Field Ordnance for India report that recovered projectiles fired 
from an experimental " Woolwich " gun showed clear evidence of non-centering.' 
The Ordnance Select Committee reported, 4th August, 1865, that the 7-inch 
double ' shell roll considerably ' ; and the captain of the Warrior reported, 25th 
January, 1870: 'I may mention that three out of seven double shell, on being- 
fired, appeared to turn over and over before reaching the target.' In February, 
1868, the 12-inch common shell, 600 pounds in weight, 36.15 inches long, and 
containing 45 pounds bursting charge, were being fired from a 25-ton gun, when 
' I he practic e with the common .shell was stopped on account of the shells appear- 
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ing to turn over in flight. All had two studs in each groove, 18 in all ; but they 
were . . . only six inches apart.' In April, the ' Committee prefer to try 
the effect of reducing the weight of the projectile.' 

" Accordingly, the studs being incapable of giving sufficient rotation to the 
12-inch common shell, as ' these proved, on trial, so exceedingly unsteady in 
flight, and that so indifferently,' they were reduced from 600 pounds weight to 
495 pounds, and their bursting charge from 45^ pounds to 35 pounds. Practice 
was resumed with these reduced shell (as now adopted), and on 15th October, 
1868, we read of them — ' Ten shells have been- recovered. In several, the rear 
studs have been slightly moved forward by the explosion of the charge, and all 
are scored on the base (for about one-fifth of the circumference) by the grooving 
of the gun ; the length of the scoring averages about three inches.' If the studs 
had worked truly, the body of the shell could not have touched the bore at all ; 
the scoring of the base shows that the shell ' wobbled ' in and hammered the 
gun. 

"On 4th May, 1870, the Director-General of Naval Ordnance asked: — 'Do 
you consider that the increase of the twist given to this (35-ton) gun will entirely 
obviate the inaccuracy of flight now observed in the 12-inch gun of 25 tons at 
very short ranges ? ' To which the Superintendent Royal Chin Factories replied : 
' No, I should not think it would altogether.' ' Should you be afraid if you 
adopted a sharper twist, say 1 in 25, that the studs would be sheared? ' ' I should 
be afraid so, or I would have adopted it. The stud in the projectile confines us 
to giving a less twist than I should like to give to any gun.' Again it is report- 
ed, ' The same difficulty has been experienced with the common shell for the 11- 
inch guu ' of 25 tons, which were 530 pounds weight, and contained 40 pounds 
bursters. ' The practice with common shell (and 54 or 65 pounds pellet powder 
charges) was discontinued on account of the unsteadiness in flight, by order of 
the Ordnance Select Committee, who were present, 22d September, 1868. Two 
rounds were fired with 65-pounds charge, to ascertain what effect the increased 
charge had on the shooting ; the inaccuracy of the shells was, however, greater 
than before.' Accordingly, no less than 128 pounds in weight and 15.8 pounds 
bursting charge was taken away from the 11-inch common shell ; yet we read in 
the official reports, July, 1871, of these stunted shell, that of 30 fired, 4 were 
1 unsteady,' or ' noisy,' both terms referring to the same ' wobbling ' motion in the 
air. And in August, 1871, we read : 1 The common shell which have been sup- 
plied have proved too weak, and a stronger pattern has been demanded.' 

" This * wobbling' in the gun brings great strain upon the studs, and causes 
the shell to break up through the stud-holes and opposite to the grooves, which 
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arc the weakest part of the gun. Thus, we read of the 11-ineh Palliser shell, ' The 
broken shell have been recovered, and out of the eight tired, only two are un- 
damaged. The condition of the rest is as follows : one with head broken into three 
pieces and off at front row of studs, and broke up in the gun ; one with head 
broken off entire at position of studs, etc., etc., and broke up in the gun ; four 
with the heads broken off entire at the front row of studs — two of these broke at 
lirst graze and two at last graze.' 

" In Mav, 1871, live common 10-inch shells, recovered at Shoeburvness, were 
found ' slightly set up and scored in some places by the edges of the grooves, and 
in others ground down by tin; lands of the gun, 1 showing that the studs had been 
hammered flat by the gas escaped over the shot. The Avails of the 10-inch shell 
had also to be thickened from 1.05 to 1.85 inches, the powder capacity being 
reduced from 32 pounds to 2(>£ pounds. And after this we read that so recently 
as July, 1871, an experiment ' was carried out at Shoeburvness to ascertain the 
cause of the premature explosion of shrapnel and common shells.' Of six com- 
mon 10-inch shells recovered, there was ' one marked on base by three of the 
grooves in the gun '; and of fourteen 9-inch common shells picked up, there were 
' three marked by the grooves of the guns, and two marked on bases by grooves 
of gun,' showing that, up to the last published official record, the bores of guns 
are being hammered by their shells as they wobble their devious way out of the 
guns. We have given the official words of a few of the published returns, to 
show that the statements of naval gunners, as to what they see with their eyes 
and hear with their ears, are not mere 'fancy.' 

" We have traced this matter, in official language, to show how mendacious 
is the assertion of the Pall Mali Gazette that ' it is not a fact that our projectiles 
wobble.' Space will not permit us to deal with the other point-blank denials 
uiiblushingly made as to naval ' fancies,' for we do not wish to meet assertion by 
assertion, but by official facts, of which we have a large store at hand, to prove 
the scrupulous accuracy of the table of injured guns given originally in the Naval 
and Military Gazette. 

" The Fall Mall Gazette has taken that table to pieces ; but it has only been 
able to point out a single error, and that not a very important one, namely, that 
a certain gun which flew into 70 pieces, scattered over an area of 580 by 150 
yards, at the first round on the 10th of August, 1870, had previously tired 101 
rounds on former occasions. This frightful explosion, as well as a similar one of 
a 124-ton gun on the 25th of September, 1868, were, in our opinion, exclusively 
due to the 'wobbling' of the projectiles in the bore, an i] to the consequent 
obstruction to their escape." 
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From the same paper I quote the following : 

" We have urged elsewhere the extreme desirability — the necessity even — 
of these guns being subjected to a satisfactory and conclusive test of their endur- 
ance, by continuous tire, such as would inevitably be required of them in the 
event of war and a hostile collision with an enemy. We regret to learn that, 
although this question has been urgently pressed upon the consideration of the 
authorities, yet their decision lias been to the effect that the 25 and 35-ton guns 
shall not be exposed to such a test. 

" Nothing could by any possibility supply stronger evidence of the doubts 
which rest upon the powers of endurance of the guns, even in the minds of the 
Woolwich authorities ; and no confirmation could possibly be stronger of the 
truth of the allegations made against the guns — namely, that, big and massive 
as they are, their strength is yet insufficient to withstand the extraordinary and 
irregular strains to which they are exposed, and which are entirely due to the 
system of rifling adopted." 

The Broad Arrow says : 

" Engineering , as well as the Mechanic*' Magazine,, concur with the other 
.mechanical journals, the Naval and Military Gazette and the Standard, and the 
leading papers of our great naval ports, in denouncing the present gun system, 
which, as they point out, is so faulty that the Hercules, which alone has had any 
lengthened experience with its application in the 18-ton guns, cannot get through 
k the ordinary quarterly training practice at targets without disabling three out 
of her eight 18-ton guns in less than three years.' Well may naval commanders 
feel alarmed at the prospect of being knocked over by the broken pieces of the 
shell of a friendly vessel ; and well may the captains of our turret-ships hesitate 
at firing over or near bulk-heads, which a split projectile might unhappily pass 
through, to the great destruction of life. We are still at peace, and we trust that 
the favorable opportunity for reviewing the condition of our guns, as well as 
improving our powder and keeping it dry for any emergency, may not be lost." 

A recent number of Engineering, in an article entitled " French Rifling in 
British Guns," says : 

"Seven years ago the French soft-metal stud and bearing was adopted, 
under the name of the ' Woolwich ' system for,: rifling British muzzle-loading 
guns. At that time very little experience was extant as to rifled muzzle-loading 
heavy ordnance. If there were any such guns issued to the navy, they were 
rifled upon a plan known as the ' shunt,' now universally condemned as most 
unmeehanieal, and therefore totally abandoned. Military men had, in 1865, 
little more experience of rifled muzzle-loading heavy ordnance than naval gun- 
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ners. True, a few able and distinguished officei'H doing duty at Shoeburyness 
and at Woolwich had had considerable experience of the many experimental 
systems of Sir William Armstrong, every one of which was conceived on such 
uninechanical principles as necessitated their subsequent abandonment. But so 
little were the true mechanical principles of rifling then understood, that we 
find six able officers of both services eulogizing the now abandoned ' shunt ' sys- 
tem, in a report dated May 1, 1805, in these words: 'If the so-called French 
system should fail in larger calibres' than 9-inch, 'the natural course would be 
to fall back upon Sir William Armstrong's, which holds the second place; 
which has been more thoroughly studied and worked out than any other, and 
through a wider range of calibres; which is actually in the service in the muzzle- 
loading (>4-pounder guns, and to which so many of our existing experimental 
guns of large calibre, the GOO-pounder, 300-pounder, 9.22-inch, or 220-poimdcr, 
are conformed. To throw away the experience gained with these guns, and the 
expense incurred in the preparation of patterns and means of manufacture, 
without good cause, would be to postpone, unnecessarily, the great desideratum 
of a settled system, and plunge anew into tedious and costly experiments, on a 
mere hypothesis of improvement.' Compare this prophetic culogiuin with the 
subsequent fact that the ' shunt ' system altogether failed ' in larger calibres ' 
than 9-inch, and that after five years' further 'tedious and costly experiments' 
upon the studs of its smaller projectiles, it was finally abandoned, in 1870, for 
even small calibres. 

" It is no disrespect to the intelligence of the gallant and able officers who 
recommended for adoption not only the original breech-loading lead-coated sys- 
tem, but each of the manifold lead-coated varieties which succeeded it ; or who 
eulogized the 'shunt' system in each and all of its phases ; or who, in 1805, dis- 
covered an unexplained 4 disposition to admit of the advantage of an increasing 
over an uniform spiral,' and who, accordingly, ' determined to record their 
unanimous opinion in favor of the so-called French system,' to assert that the 
expenditure of four or live millions sterling has taught every intelligent officer 
and instructor of the Royal Artillery and of the Navy, far more of the me- 
chanical principles of rifling than was known by any half-dozen of their num- 
ber at the dates referred to. 

"Seven years' large experience of the French system has led able and intel- 
ligent artillerists to collate a large number of observed facts, and to apply to 
those facts simply mechanical laws. By clearing away the mystic smoke of 
gunpowder and the cloud of partisanship which obscures scientific investiga- 
tions, it is found that the violation of certain simple mechanical principles ex- 
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plains almost every mark observed on recovered shell, and every injury inflicted 
by the escaping" projectiles upon the lands and grooves of their guns. 

" Ignoring these simple mechanical principles, and declining a patient investi- 
gation into the causes of the marks and injuries referred to, excuses are resorted 
to by partisans committed to the French system to explain away, instead of 
carefully examining, established facts. By this means alleged causes of damage 
may be removed further off, but they still remain, in their new position, a matter 
for further explanation. 

" We can well understand that the recent revelations as to the performances 
of our heavy guns are not very agreeable to the gentlemen who originally re- 
commended the French system of rilling for adoption, nor to those gentlemen 
who have been inventing theoretical hypotheses to explain its wonderful agree- 
ment with the laws of nature. But if these gentlemen Avould convince others 
of the soundness of their views, they must set about, not explaining away, but 
preventing these ugly facts. We have no doubt that they will fight hard for 
their ' particular baby.' All we ask of them is to condescend to the infirmities 
of ordinary minds, and to explain the remote as well as the near causes of the 
various marks found on recovered projectiles and in the interior of many guns. 
The principles involved are those of the merest elementary mechanics. Let 
these be carefully, and honestly, and truthfully applied, and we have little doubt 
that the non-centering properties of the stud system will be patent to all intelli- 
gent minds." 

From an interesting article called " Powder-Pressures," in the Mechanic** 
Magazine, I extract as follows : 

" The admirable system of registering the maximum pressures exerted by 
the gases of exploded gunpowder in the chambers and bores of heavy guns, and 
upon the bases of large projectiles now in use at Woolwich, is a great improve- 
ment on that originated by General Rodman in America.* The pressures are 
measured by the compression of prepared copper pellets, which are enclosed in 
cylinders provided with suitable pistons, holes being bored through the walls of 
the gun to receive the apparatus. There seems no reason to doubt the uniform- 
ity of action of the crushers. 

* It is difficult to understand how our English friends can believe that the substitution of a 
column of metal to be crushed, for the knife and disc, constitutes an improvement of the Rodman 
apparatus, which is obviously the more sensitive of the two instruments. I believe that in the 
English experiments the " crusher gauge " was placed next to the powder, and a Rodman external 
gauge applied outside the gun ; an obviously- unfair comparison. One of our several forms of interned 
gauges should have been employed. 
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" Having- tabulated the various powder-pressures, a question arises as to the 
use to be made of the information thus obtained. Arid on this head some very 
wild crotchets have been started. But before we are in a position to make any 
practical use of the tables, they must be carefully sifted by the application of 
one or two very commonplace but much -forgotten principles. For example, it 
is very obvious that the pressure registered with a given charge must, among 
other things, depend upon the ease with which the shot escapes out of the 
gun. 

" If we imagine an elongated projectile to tit the bore mechanically, so as 
to traverse it truly in the centre, and, as it were, upon rails, without the possi- 
bility of a wriggle, then the pressure registered would be at its minimum; but 
if we suppose the elongated projectile to lie in the bottom of the bore, with its 
centre below the centre of the piece, with all the windage above it, and bal- 
anced upon two points nearly under its centre of gravity, so as to ensure the 
maximum of Avriggling, the powder-pressure registered will be largely influenced 
by the extent and position of the Avriggle in the bore. Should the non-centering 
balanced shot happen to escape without a wriggle, the powder-pressure will be 
small ; but should the principal wriggle take place near the muzzle, the pressure 
there will be greater ; and should it take place near the powder-chamber, the 
gauges will there give the largest register. 

" When the Qlatton fired her 25-ton guns fore and aft at Shcerness, the non- 
centering balanced projectiles happened to escape easily, and many of the pow- 
der-pellets were thrown out of the gun unconsumed, cutting up the decks con- 
siderably. But had the shot wriggled, more of the powder would have been 
burnt, and the recorded pressure would have been greater. 

" To avert a portion of this wriggle the common shell of the 12-inch 25-ton 
gun has had 0.15 inches taken off its length, 105 pounds off its weight, and 10A 
pounds out of its bursting charge. Yet, notwithstanding this enormous reduc- 
tion of effective work, it is still found that the projectiles wobble in the air, and 
are inaccurate at short ranges, so that avc may still look for variations of pow- 
der-pressures due to this cause. 

" Need we say that the increase of pressure due to wriggling arises from 
the detention of the powder in the gun, and consequently to its greater eon- 
sumption % That this action is very considerable is evidenced by the marks 
found on the gun-metal studs of recovered projectiles. Mr. Lancaster recently 
exhibited seven studs on which some non-centering 700-pound projectiles had 
been balanced in the 35-ton gun, when tried at Woolwich. Several of these 
studs were squeezed out of all shape, and were simply blotches of gun-metal, 
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showing that they had over-ridden the grooves at least 1.45 inehes, i.e., their 
own diameter — a monstrous wriggle for such a projectile. Some other of Mr. 
Lancaster's specimen Woolwich studs had the whole of their exposed surface or 
head broken off, showing that the wriggle may have had no limit whatever. 
These wriggles represent little jams of the projectile in the gun, delay in escape, 
extra consumption of powder, and consequent increased powder-pressure. 

" Until we can eliminate this uncertain yet large source of error, it would 
be most unsafe to build up any theories on the action of crusher-gauges and of 
various gunpowders, inasmuch as the pressures registered may only be measures 
of the eccentric action of non-centering projectiles balanced on two points. To 
get regular readings from the gauges we must employ a system of rifling which, 
by centering the projectile in the bore, and affording long bearings with a me- 
chanical fit, allows the shot to escape with a uniform action and without a 
wriggle. 

"Again, everybody knows that, throughout a series of continued discharges 
on the same day, the guns recoil more and more violently. This arises from the 
temperature in the gun being so raised as to cause an extra and more expedi- 
tious consumption of powder. The increased violence of recoil implies also a 
greater blow on the base of the projectile. Xow, if the system of rifling pro- 
motes wriggling when the gun is cool, it will do so far more effectually when it 
is hot, and this extra and more rapid consumption of powder causes a more vio- 
lent action upon the projectile. 

" For example, many of the pellets thrown out of the Glattortx 25-ton guns 
at Sheerness would, had the guns been heated, have been consumed, and it is a 
question whether the shot would have escaped from their violence at all. Xow, 
if we apply these two simple and obvious principles to the pressure registered in 
the 35-ton gun — and, remembering Mr. Lancaster's specimen studs, we may truly 
do so — we have a sufficient explanation of the phenomena, without resorting to 
any arbitrary hypothesis of gas-waves, or of gunpowder developing some new 
properties when exploded in quantities exceeding 100 pounds. The maximum 
powder-pressures registered at the axis of the piece, at the vent and at the base 
of the projectile, with the heavier charges, varied arbitrarily and irregularly, and 
the muzzle velocities were found to bear no relation whatever to the action of 
the charge upon the bases of the projectiles. Thus, w hile one 700-pound projec- 
tile was struck by a 120-pound charge with a blow of 46.8 tons, and another with 
a blow of 39.6 tons, the muzzle velocity w r as exactly the same in both cases, 
showing that the one had wriggled more than the other. Again, a third 700- 
pound projectile, struck with a force of 45.4 tons, actually gave a velocity six 



l'lto.) K( Tl LKS AND IMFLK1') CAXXOV 



89 



feet greater than the fourth one, which received a blow of 53.2 tons. These con- 
flicting results from four consecutive 120-pound 1 charges of pebble powder, tired 
behind 700-pound projectiles in the 35-ton gun, are worthy of study, and we ac- 
cordingly append them : 

Maximum Powder-Pressures at 

Velocity. Total Work. 

Axis of Gun. Vent. Base of Projectile. 

1,366 feet. 9,059 foot-tons. 46.8 tons. 35.2 tons. 45.4 tons. 

1,360 " 8,973 " 4 2 - 6 " 53- 2 " 

1,334 " 8,639 " 44-6 " 34.2 " 46.8 " 

I >)334 " 8,639 " 37.6 " 27.0 " 39.6 " 

" To seek to establish any true principles of artillery upon powder-pressures 
so obtained would be utterly fallacious. We must eliminate the wriggling 
action of the projectile by a system of rifling, which will, by a suitable 
mechanical tit, centre the projectile in the bore and secure the maximum 
extent of bearing surface. Wo must then carefully compare the first rounds on 
each day together, and the latter rounds together, or ascertain and allow for 
differences of temperature in the powder-chamber. This latter source of error 
is a very serious one, so serious that the authorities have not yet ventured to 
subject the 25-tou or 35-ton guns to numerous continuous discharges on the 
same day, such as would arise in an ordinary naval engagement, lest the extra 
consumption of powder should lead to the destruction of the guns. 

" Would it not, however, be better to discover the lack of endurance of the 
guns for which our Gluttons and Devastations are built, before those ships are 
called upon to take part in a well -contested naval action I It would, indeed, be 
ti disastrous result, if, in the heat of a hostile encounter, our most powerful iron- 
clads were disarmed by the action of their own wriggling projectiles wobbling 
their way out of the guns. Better by far try the experiment upon one gun of 
each of those calibres now, in time of peace, when the discovery Avould be of 
comparatively little consequence, and the certainty obtained would be invalu- 
able. 

"The Navy is .alarmed at the mishaps which have already occurred in firing 
a few rounds occasionally at canvas targets, and asks, not unreasonably, what 
may be expected when guns so rifled are subjected to rapid continuous tire in a 
bombardment or naval action 0 ? True, it is, indeed, considered no small merit in 
' Woolwich ' rifled guns that a sea voyage in time of peace has not led to their 
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bursting their sides and destroying their crows. If this be a merit in a naval 
gun, it is one that seamen should be thankfnl for. But we fail to see why sea 
air should in itself be regarded as hurtful to heavy artillery. It is the rapid, 
continuous tire which is the true test of endurance. This has heretofore always 
been applied before a new gun was adopted for the Navy ; but this obvious test 
has not been applied to either the 25-ton or 35-ton guns ; and there are grave 
reasons to doubt whether their non-centering projectiles balanced on two studs 
could escape from the bore when ejected with such extra violence. Coil guns, 
wrongly rifled, have repeatedly burst explosively like other guns, and may do so 
again if we do not gather wisdom from the obvious teachings of the registered 
powder-pressures . " 

In the foregoing extracts from the English records may be observed the 
same anomalies which have been previously shown to have obtained in our 
expansive system (see Table J.) It will be noticed in the English experiments, 
that in thelsecond round the pressure is greater by over 43,000 lbs. per square 
inch at the axis of the bore than in the first round, with absolutely less velocity ; 
and that in the last two rounds the velocities are identical, while the pressures 
vary by over 15,000 lbs. per square inch. Even this latter variation in pressure 
should never obtain with powder of fair quality, if the projectiles are good. 

From the same source I quote again : 

"As Sir William Armstrong certifies that ' the maximum pressure ' (in the 
powder-chamber) ' causes the failure of the stud,' the difference of powder- 
pressure arising from a change of spiral is noteworthy. Captain Noble tells us 
that, small as the increment in gaseous pressure due to rifling is, it is still less in 
the parabolic than in the uniform spiral. Whereas the maximum bursting- 
pressure is reduced from 19.7 tons per square inch to 19.5 tons per square inch 
by suppressing the rifling altogether in the case of uniform spirals, the decre- 
ment of pressure due to the suppression of the parabolic rifling is a reduction 
from 19.7 tons to 19.62 tons per square inch. The gain, then, to the powder- 
chamber from the employment of the increasing spiral, is .12 of a ton per square 
inch. We commend this philosophical fraction to our artillery philosophers, 
and would make them a present of this mathematical advantage. When, however, 
Ave turn to the Tables of Pressures registered by the Committee on Explosives in 
the 10-inch 15-ton, which is the subject of Captain Noble's learned investigation, 
we are rather puzzled to which of the pressures we are to apply the .12 of a ton. 
We find similar powder-charges, fired under identical conditions, producing most 
unlike results. We find these anomalous pressures with every description of 
powder ; and we observe that the gun has this parabolic system of rifling, with 
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its consequent stud agency. Yet, with these great philosophical advantages, the 
powder-pressures registered in the 10-inch gun, with 87 £ lbs. P. charges and 
400 lbs. shot, varied from 25 tons on the square inch to 63.4 tons, the latter 
expulsive force resulting in the least velocity and striking force in the projectile. 
Again, (JO lbs. K.L.O. charges, registered powder-pressures varying from 36.5 
tons to 57.8 tons on the square inch, under identical conditions, the highest 
expulsive force imparting the lowest velocity to the projectile. Yet it is on the 
register of pressures within this gun that Captain Noble's calculations arc based. 
True, he does not select any of the above figures for his formulas, but on the 
pressures registered with 85 lbs. I\ charge, which happened to be 19.7 tons on the 
square inch. But, if a selection must be made between pressures varying from 
10.7 tons to 03.4 tons on the square inch, it might be quite as well to close the 
Report of the Committee on Explosives, and assume any number of tons at 
hap-hazard. 

" Captain Noble has shown a mathematical gain of .12 of a ton pressure on 
the square inch by the adoption of the parabolic or increasing spiral. What if 
the greater part of this astounding increase of pressure from 19.7 to 63.4 tons 
on the square inch was attributable to the parabolic curve, or, to speak more 
accurately, to the stud system which that curve necessitates * That gunpowder 
varies in explosive power in this way in mines, shells, or torpedoes, or anywhere, 
except in a stud-rifled gun, is stoutly denied. If the variation of powder- 
pressures be not due to the gunpowder, it must be due to the shot ; and if to the 
shot, then to the oscillations of the axis round the points of contact with the 
bore, which are exclusively the studs; but the studs are a necessity of the 
increasing spiral or parabolic groove. Hence it appears that, while saving .12 
of a ton pressure on the square inch, by employing this most unmechanical 
contrivance, we are adding at least 4 tons, and probably more, pressure occasion- 
ally to the gun. These are the deductions which we draw from Captain Noble's 
formulas, and from the Report of the Committee on Explosives, to which we are 
referred for confirmation of his very able and very interesting but very delu- 
sive paper." 

In an attempt to remedy some of the evils of the English system, recourse has 
been had to a single row of studs distributed about the centre of gravity of the 
projectile ; " with results, 11 says the official report, " on the whole more satisfac- 
tory." Notwithstanding this, however, the double row of studs seems to be the 
preferred plan. 

If we suppose the projectile to be centered by a single row of studs about its 
centre of gravity, it will ballot about that point and through an angle double 
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that which obtains when the shot is centered or lifted at one end. If, however, 
the projectile were to be centered at its base, the rush of gas over it would proba- 
bly prevent its balloting at all. It has struck me as very singular that the Eng- 
lish have never tried the experiment of applying a row of studs to the base of 
the projectile alone. The increasing pitch could then be employed with more 
advantage, and I have no doubt that such a projectile would prove superior to 
the present Woolwich shot, and especially to those with the single (middle) row 
of studs (a singularly unmechanical idea). The system, however, would still be 
open to grave objections, and the tendency to over-ride the lands in no wise di- 
minished. 

Many of those who criticise the Woolwich system, object to it on account of 
the short length of its groove-bearing, comparing it in this respect with the 
Scott and similar systems, and attributing its failure principally to this cause. 
This is also one of the objections urged by Commander Dawson, who, in the 
conclusion of one of his interesting papers, read at a meeting of the United Ser- 
vice Institution, says : 

" The whole of these evils would be obviated by the employment of long 
bearing centering iron ribs, cast upon and with the projectile, strengthening its 
walls, and requiring fewer, shallower, and narrower grooves in the gun. A 
system which in the 7-inch gun competition of 1803 — five gave higher velocities, 
lower trajectories, heavier muzzle blows, and, above all, greater endurance, both 
to the gun and to the projectile. All this was attained at much less cost and 
with much greater simplicity. With the Devastation class of ships, each costing 
some £400,000, limited to the employment of four guns, the first of which was 
disabled by its own French rifling at the sixty-eighth discharge from a cool 
chamber, this question cannot be said to have reached ' finality.' The point 
must be reopened, and that soon. It behooves, then, the United Service to study 
the difficulties of the case; neither discouraged by the lazy cry of ' finality ' on 
the one hand, nor by the angry innuendoes of partisans on the other. The 
struggle lies between economy, strength, simplicity, long rifle bearings, and per- 
fect centering on the one side, and expense, frailty, mixed metals, short rifle 
bearings, and non-centering on the other. Let us honestly endeavor to discover 
experimentally which system will give most work with our well-built guns. 
From all the official records I have studied, I have no hesitation in affirming 
that the existing experience is in favor of the simple, inexpensive, and strong 
long-bearing, and against the expensive, complicated, short-bearing. But let an 
open enquiry be publicly instituted as to the past experience, and let a fair trial 
be made, and, as a ruined officer whose professional character is the only posses- 
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sion loft liini, I have no hesitation in staking my reputation that the country and 
tlit> country's service will gain immensely by the victory which I feel assured, 
common sense will thus gain over obstructive partisanship." 

The objections to the short-bearing projectiles are valid as applied to the 
stud projectile, on account of the difficulty of securing the studs properly, the 
weakening of the shell by their insertion, and the tendency to override or 
wedge on the lands; and I think it probable that, if the studs were replaced by 
ribs, and the uniform substituted for the gaining pitch, as Commander Dawson 
suggests, the projectiles would be much less likely to wedge or override, and 
to that extent, endanger less the safety of the gun. But the friction in this 
cast; would be very much more than necessary (especially with Scott's or Vavas- 
seur's iron. ribs and flanges), and the wedging action would still obtain, the pro- 
jectile would be imperfectly centered, a more rapid pitcli would be necessary* — 
to compensate for the retarding influence of air upon rotation — and accuracy 
would be diminished by increased drift, and doubtless, also, by an unsteady exit 
from the bore. Thus, although I do not agree with Commander Dawson in all 
of his views respecting the iron-ribbed, long-bearing system of rifling, yet I 
think it probable that he is safe in predicting its triumph over the Woolwich 
system if subjected to a fair and crucial test. The argument, however, that 
" long bearing," or great aggregate length of bearing, is necessary for the suc- 
cessful rotation of heavy projectiles, we know, from our own experience, to be 
fallacious. 

The complaints from English sources respecting the Woolwich system of 
rifling are quite universal. I have before me numerous English criticisms on 
the subject, many of which, being somewhat too personal, I do not feel justified 
in using. The ({notations already made, however, will serve to show the very 
general dissatisfaction which prevails in both military and civil scientific circles in 
England respecting their " imported and doctored " system of rifling, than 
which, in my judgment, it would be difficult to conceive a worse. 

The following list of Woolwich failures, to be found in the " Cemetery of 
Suicides" at Woolwich, is furnished by Commander Dawson, R.Jf., and shows 
upon what substantial foundation arc based the numerous complaints on the 
subject, from comparatively few of which I have given extracts. This table has 
been revised, and is admitted to be generally correct as far as it goes ; but it is 
not complete, as it comprises the epitaphs of the "suicides" at the "home sta- 
tions " alone : 



* Not more rapid, of coarse, than the present English pitch, which is excessive. 
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TABLE XL 

Partial list of English Rifles burst or disabled at " Home Stations." * 



Self-inflicted Injuries. 



Shoeburyness, 
do., 



" Woolwich, 

1869 Bellerophon, . 
" Redwing, 

1870 Favorite, 

1869 Shoeburyness, 
" Hercules, 

do., 

1870 Staunch, 

Royal Sovereign, . 
Warrior, 

1871 Bellerophon, . 
" do., 

do., 

1870 Shoeburyness, j 

" Aldershot, . 
do., 
do., 

' ' Shoeburyness, 



1871 Shoeburyness, 



I " 
; 1872 



Woolwich, 
I Bellerophon, 
do., 
Royal Oak, 



7-m. 
10-in. 



9-111. 

7-iu. 
9-1 n. 



6S-pr. ) 

9-poundcr, bronze 



7-in. ^ 
: 68-pr. \ 
12-in. 
9-in. 



Upper groove cracked by stud, dented and enlarged 

tube, 

Much worn by gas after 315 rounds, . 
Cracked grooves and burst, 400 rounds, 
Cracked tube, disabled, 1,049 rounds, 
Cracked tube, disabled, 311 rounds, . 
Explosive burst, by projectile jamming, 1 round, j 

Grooves over-ridden by studs, 

Muzzle split, 

Grooves over-ridden by studs, 

Grooves burred, bore dented, tube split, 534 rounds, . 
Muzzle split, 43 rounds, ...... 

Vent damaged, 46 rounds, 

Bore dented, grooves bored, gun disabled, 
Bore deeply cut into, ....... 

Bore dented, and had to be filed down, 

Bore dented, 

Bore considerably scored by gas, 165 rounds. 
Muzzle coil split,' . 

Burst, violently into 76 pieces, shot jammed, 105 3 

rounds, "j 

Grooves worn awav, etc., disabled, 243 rounds, ! 
Ditto ditto ditto 
" Grooves worn by studs, ditto 
" : Grooves over-ridden by studs, bore expanded, . 
Ditto ditto ditto 
2 i._ n j ', Grooves slightly burred in four guns, average 35 j 
5 I : round? each, J 

95 cwt. Grooves enlarged near origin, Nc 



12t.; ton 
6H ton 



No. 

Burst. ; 
Permanent. 1 
Permanent. ! 
Burst explo-| 
sively. j 
Permanent. 
Permanent. I 
No. ; 
Permanent, j 
Permanent. ' 

— hours. ! 
Permanent. \ 

— hours. 1 

— hours. 



Permanent, j 
Burst explo- 
sively, j 
Permanent, j 
Permanent, j 



No. 



35 ton -j 
12}^ ton 



Lower groove cracked by stud from 12 to 25 in. of > 

origin, 68 rounds f 

? Bore dented, had to be filed down 

Ditto ditto ditto . 

Bore dented by projectiles, . 



" ¥ow, the question arising out of all these disastrous failures, and which 
underlies the whole subject, is — What is the cause of these severe and injurious 
strains ? Are they inherent in heavy ordnance charges and projectiles, or merely 
features and defects of a particular system % And in elucidation thereof, it is 
natural to enquire how the case stands in reference to other guns and systems, 
and whether they are in these respects better or worse than, or on a par with, 
the Woolwich or French system. 

" But although the objectors we have specially named, and many others, 
would unite in condemnation of the grooved rifling and studded shot, they are 
by no means of one accord in assigning the cause, still less in prescribing the 

* From English magazine, Iron. 
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remedy. Ami herein lies the real, the solo, strength of the existing system. 
Assailed on all sides, it yet holds its ground, not from its own merits, but by 
virtue of the mere inertia of the nine points of possession. 

"And yet, as we shall endeavor to show in succeeding' articles, there is no 
lack of guns and systems well qualified and adapted to supply for us what, it 
cannot fairly be denied, the Woolwich system has vainly attempted." 

It is, 1 submit, a grim commentary on this " incomplete list," that since the 
adoption of the Woolwich system of rifling England has enjoyed uninterrupted 
peace, and that consequently her guns have been tired but a few rounds through 
a long interval, and many of them doubtless not a shot since proof. Should a 
war of any magnitude have visited her, it is hard to say what might have been the 
length of a similar list of kt suicides." 

4. The l*ropottc(l JSt/tttem. — The most perfect remedy for the faults of the 
Woolwich system must, in my judgment, be looked for in the adoption of an en- 
tirely new system of rifling and projectiles; and, while I think it probable that 
in simplicity and efficiency no plan can equal our own improved expansive sys- 
tem — described in the first part of this report — nevertheless the stud system is 
susceptible of great improvement, and a remedy for many of its defects will, I 
doubt not, be found in the plan now briefly to be described, and which is essen- 
tially the same as that proposed by nie in 1870, and practically tested, to a very 
limited extent, in a 3-inch gun at Leavenworth Arsenal in 1809. 

Early in 1870 I had the honor to urge the propriety of firing a relatively 
light stud projectile from a gun of 15-inch calibre, rifled with a few grooves 
and a moderate pitch. I argued briefly that the following would be the advan- 
tages of such a system : 

u It is believed that rifle projectiles will yet be fired from guns of 15-inch 
calibre. The object in this case is not alone to secure greater penetration— for 
we cannot afford, perhaps, in guns of such large calibre, to greatly exceed the 
weight of the round shot — but 

u 1. To secure greater accuracy. 

" 2. To obtain increased bursting charges. 

u 3. To generate explosion at the right instant by means of interior 
percussion fuses, instead of trusting- to time-fuses, as must be done with round 
shell. 

" 4. To ensure penetration of armor, even when struck at extreme angles. 

" 5. To obtain uniformity of pressure (strain), velocity, and range for uni- 
form charges of powder, which can be done by giving the projectile bearings, 
front and rear, upon which it can slide out of the piece without jar. 
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k ' 6". As much increase of penetration as is due to increased weight and 
better-maintained, if not equal, velocity. 

" While fully admitting the tremendous power of our large smooth-bore 
guns, the time is assuredly approaching when rifled guns, of like calibre, will bo 
found to possess at least equal endurance, bo much more general in their appli- 
cation, and have superior powers of destruction. 

" Such a system of rifling would not interfere with the efficient use of 
spherical projectiles when they were deemed to possess sufficient power for the 
occasion." 

This proposition, which appeared in two or three publications in the spring of 
1870, differs principally from that which Mr. Xorman Wiard is now urging upon 
the attention of the Ordnance Department in two important particulars : 1. Mr. 
Wiard proposes the old French experimental plan of t wo rounded grooves, while I 
proposed " a few grooves only " ; 2. Mr. Wiard proposes to rifle our present 
10-inch and 15-inch guns on his plan, at a rather extravagant price, and to fire 
from these guns a sort of winged or flanged projectile of fhe same weight as the 
round shot; while I proposed simply to make all future guns of 15-inch 
calibre somewhat heavier, and, without injuring their efficiency as smooth-bores, 
to so rifle them that we might reasonably undertake to fire an elongated projec- 
tile of somewhat greater weight than the round shot, but still not so heavy as a 
regular elongated projectile of the same calibre. 

Having reconsidered this subject, I am convinced that, while the model of 
our present 15-inch gun could with propriety be slightly changed, by throwing 
the maximum diameter further forward and slightly increasing the weight and 
length of the gun, on account of the large charges of slow-burning powder now 
employed ; yet that, if a 15-inch rifle be procured, it should weigh at least fifty 
tons, and the projectile not less than 1,000 pounds. Plate XXIII. shows the 
character of one of the projectiles for a 15-inch rifle, proposed in my report of 
1870, and Fig. II., Plate XX., shows forms of papier-mache or wooden sabots, 
which can be used to lift the round shot off the rifling when it may be thought 
advisable to fire spherical projectiles from this or any other rifle of large calibre. 
Captain Parrott has, I believe, used papier-mache sabots in his rifles with good 
effect. 

I do not propose to criticise Mr. Wiard's proposition in detail, but will sim- 
ply remark that liis scheme seems Avild and impracticable. His proposed 
projectile cannot but prove extremely inaccurate, is absolutely unfit for long 
ranges, will doubtless strain the gun — not simply by increased powder-pressure 
and a tendency to upset, but by a Avedging action in the grooves similar to that 
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of the Woolwich projectile ; while the slight possible gain in penetration near 
the muzzle of the gun — when his shot happens to strike fairly — will not com- 
pensate for a single one of the disadvantages mentioned. In fact, the projectile 
is so extremely liable to upset in the bore, that the gun will be endangered at 
each discharge. The employment of three grooves instead of two, would at least 
tend slightly to correct this fault, but the system would still remain worse than 
worthless.* 

The Projectile. — The proposed projectile is shown on Plate XXI. It is pro- 
vided with the requisite number of studs, which are secured in the projectile by 
undercuts in the usual manner. The studs are formed as shown in the drawing; 
and, after insertion in the projectile, each stud is split, or cut, half or a third way 
through its length — by means of a saw or suitable tool — in a plane tangent to the 
cylindrical surface of the projectile, at the middle portion of the stud. The for- 
ward portion of each stud is left solid, the top edge being rounded toward the 
front, and the side edges straight and in planes parallel to the inclination of the 
twist. The height of the studs above the surface of the projectile is the same as 
the depth of the grooves. This will allow, in loading, the same windage over the 
studs as between the lands and the projectile. The studs are also left about one- 
tenth of an inch narrower than the grooves, so as to ensure their ready entrance in 
loading. As much more play may be allowed as is necessary ; but the more the 
lateral play of the studs, the greater the windage. If the number of grooves is 
even, the front and rear row of studs may alternate in the grooves — i.e., the 
studs maybe arranged in quincunx order ; otherwise, the studs should be arranged 
in pairs, and the two rows should not be too close together. The material of the 
studs should be tine brass •, or, a composition of copper, twenty-five parts, to one 
part of tin, would probably answer. 

The Ilijiiny. — For the projectile on Plate XXL, having two rows of studs, 
the pitch of the rifling should be uniform, the grooves square — i.e., their sides 
should be parallel — the bottom edges of each groove very slightly rounded, and the 
edges of the lands rather sharp. For the projectile on Plate XXII., having a sin- 
gle row of studs, the pitch of the rifling may be increasing, if desired ; and, in 
fact, in all eases where the front row of studs is dispensed with, the increasing 
(compromise) pitch is recommended. Further details of the proposed rifling are 

* It is altogether probable that a 10-inch gun converted into a rifle of smaller calibre — after the 
manner of Parsons or Palliser — by the insertion of a tube of wrought iron or steel, as has been proposed 
to the Department, would yield far greater endurance, and develop at least double the power 
and range (apart from superiority of accuracy), than would a similar gun "converted" on the plan pro- 
posed by Mr. Wiard. 
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given in the following table. It is possible that, in the larger calibres, the num- 
ber of grooves could be reduced with some advantage to the gun and projectile ; 
but for a first experiment I would prefer to adhere to the details as here given : 

TABLE XII. 

Proposed plans of rifling for expansive stud projectiles. 





Number of Grooves. 






Radius of Curve. 


Calibre of 
Gun. 






"Width 
of 

Grooves. 


Depth 

Grooves. 






For 


For 
Double Row 
of Studs. 


At 

Bottom Edge. ! 

— ! 


Top Edge. 




Single Row 
of tjtuds. 






Inches. 








Inches. 


Inches. 


Inches. 


I,che,. 






3 


O 7O 


- 

O. I 5 




O.OO5 


3* 


3 


3 


0-75 


O. l 6 


0.020 


O.OO6 


4h 


5 


6 


O 80 


0. i 7 


0.025 


0.007 


5 


5 


6 


O.85 


O.I8 


0.025 


O.O08 


6 


5 


6 


O.9O 


O. ' 9 


O.O3O 


O.OO9 


7 


5 


6 


0.95 


0.20 


O.O3O 


O.OIO 


8 


7 


8 


I. OO 


0.2 I 


OO35 


O.OI I 


9 


7 


8 


I.05 


0.2 2 


OO35 


O.OI 2 


lO 


7 


8 


t.IO 


O.23 


O.O4O 


O.OI3 


1 1 


9 


10 


i-i5 


O.24 


O.O4O 


O.OI4 


I 2 


9 


10 


1.20 


0.25 


O.O45 


O.OI5 


13 


9 


10 


1-25 


0.26 


0.045 


O.OI6 


H 


1 1 


1 2 


1.30 


O.27 


0.050 


0.01 7 


15 


1 1 


1 2 




O.28 


0.050 


0.018 



Commencing. ! Ending. 



Calibres. j 


Calibres. 


Calibres. 


72 


36 


36 


76 


38 


38 


86 


43 


43 


90 


45 


45 


98 


49 


49 


106 


53 


53 


112 


56 


56 


118 


59 


59 


124 


62 


62 


130 


65 


65 


136 


68 


68 


144 


72 


72 


150 


75 


i 75 


156 


78 


! 78 



The Action of the Projectile. — The projectile is inserted in the bore by 
" feeding " a stud to each groove. The bearing on either side of each stud being 
square, and the studs fitting loosely in the grooves, the projectile may always be 
loaded with facility. Upon discharge, the early effect of the powder-gases is to 
expand the upper lip (Fig. II., Plate XXI.) of each stud into the full depth of the 
groove. The upper lip of each stud in the front row is also expanded by the 
gases which pass freely through windage and the unoccupied grooves. It may 
be thought that in the position of the projectile in the bore, those studs in the 
upper part of the projectile will be further distended than the rest, and that 
therefore the projectile will not be properly centered ; but experience has 
proved that the utmost uniformity obtains in the expansion of the studs — as in- 
deed was to be expected from the fact that the projectile is a mere feather when 
compared with the tremendous forces surrounding it. The projectile, therefore, 



PK0JEUT1J.ES AND KIFLED CAKNOX. 



99 



.speedily adjusts itself within the bore ; and a smooth and steady flight, and an 
examination of recovered projectiles, afford ample proof of a uniform and 
regular distension of the studs, and consequently of the accurate centering and 
smooth passage of the projectile through the bore of the gun. 

Doubtless such a projectile will always pass through the gun with a mini- 
mum amount of friction. It is obvious that not the slightest wedging effect is 
exerted, as, the sides of the studs being square, and the bearing of each stud full 
and perfect, the rotating force is applied by each groove in the most direct and 
economical manner — i.e., in a direction normal to the radius of the projectile at 
each stud. The grooves, therefore, in such a system, perform their simple duty 
of rotating the projectile, which is kept centered throughout the bore by the dis- 
tension of the expansive portion of each stud, without bringing the slightest 
additional strain upon the gun. 

" For, the projectile leaving the gun with a mechanical tit, front as well as 
rear, balloting and wedging are effectually prevented, the coefficient of friction 
becomes as invariable as in a machine, pressure and velocity will always bear 
their due relation, and the only cause for variation in either will be due to the 
irregularity of the charge itself in quantity or quality. 

u The studs are made so low as to allow the projectile to be loaded with the 
greatest facility ; yet stripping is rendered impossible, for the first effort of the 
discharge is to lift the studs into the grooves, securing thereby the full benefit of 
the same, and keeping the contact absolutely perfect so long as the projectile re- 
mains in the gun. As long as attrition of the studs continues the}- are kept in 
fresh contact with the bottoms of the grooves by the continued action of the 
gases ; the studs thus retaining a maximum distension, the shot is well lifted, 
the bearing in each groove full and perfect, and the rotation of the projectile 
fully assured." * 

In case of any unlooked-for obstruction or fouling in the grooves of the 
gun, the studs will yield, instead of opposing a rigid resistance to the obstruc- 
tion. Wedging will thus be effectually prevented. 

The Single How of Studs. — The attempt to employ a single row of studs in 
the Woolwich system has already been alluded to. In that system I suggested 
that balloting might be prevented by shifting the studs from the centre to the 
base of the projectile, although wedging and overriding would remain uncor- 
rected evils. In the proposed system, however, wedging and overriding are 
alike impossible, for the reason that the bearing of each stud in its groove is full, 
perfect, and radial. In the case of the double row of studs, when both ends of 
* Vide my report of 1870. 
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the projectile are centered in the bore, balloting of course cannot occur. Prac- 
tically, however, I believe that the front row of studs may be dispensed with 
without in a sensible degree affecting the efficiency and accuracy of the projec- 
tile. I have claimed that the allowance of a moderate windage over an expan- 
sive projectile, centered only at its base by its sabot, will effectually prevent 
balloting, and, if such is the case, it is clear that a stud-projectile centered in the 
same manner — but by a row of studs which may be arranged to allow any 
desired gas-escape — must have an equally smooth passage through the bore. A 
number of 3-inch projectiles of 11 pounds, and 8-inch of 150 pounds, having a 
single row of expansive studs around the base, have been fired experimentally, 
and, as was the case with the expansive projectile described in the first part of 
this report, every flight was perfectly smooth and even ; and I have no reason 
to doubt that a failure in this respect Avould be as exceptional and rare as when 
the double row of studs is employed. With the single row of studs, the grooves 
of the rifling may be quite shallow, since the studs may be split before inserting 
them in the base of the projectile, as in Fig. II., Plate XXII., where the cut is 
seen to be below the surface of the projectile. 

I have already stated that I consider the increasing pitch inapplicable to 
the double row of studs. The single row, however, while proving ample 
to rotate the heaviest projectiles, is at the same time equally well adapted to 
any character of twist. While, therefore, the uniform pitch should be employed 
with the former projectile, with the latter I would recommend a moderately 
gaining pitch, sucli as is given in Table XII. 

Should it be the decision of the Department, therefore, to rifle any of the 
proposed experimental guns for the use of studded projectiles, I respectfully 
suggest the trial of the system herein described in one of the two forms dis- 
cussed : 

1. The projectile on Plate XXI. or XXIII., and the rifling of uniform pitch 
given in Table XII., or 

2. The projectile on Plate XXII., and the rifling of increasing pitch com- 
mencing with half the ultimate value, as given in Table XII., except that the 
grooves may be one-third less deep, if the stud shown in Fig. II. be used. 

The adoption of either of these plans would, I think, develop superior 
advantages over any system of fixed or rigid studs and rounded grooves. 
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CAST-IKON RIFLES OF LARGE CALIBRE. 

" My belief is tltat after we shall have procured a projectile that is as certain in its operation in the 
rilled gun as the round shot is in the smooth-bore, we can, by firing to extremity one or two 12-inch rifles, 
fix a limit within which the gun may he considered as absolutely safe; but it will require experiment to 
fix that limit. 

" Rodman." 

The failure, under very disadvantageous circumstances, of one or two east- 
iron rifles of large calibre, has had the effect — notwithstanding the admirable 
endurance of smaller guns of the same class — to lessen very greatly public confi- 
dence in cast iron as a material for heavy-gun construction, and a majority of 
ordnance officers to-day would probably pronounce cast iron unfit for heavy 
rifles ; while some, I am aware, consider that even for smooth-bores it is to be 
distrusted. I maintain this to be an unjust or at least hasty verdict, based on 
unfair trials, the true merits of which have never been properly understood, save 
by three or four officers, who, while fully aware of the unsatisfactory nature of 
the trials and the severe tests to which our few experimental guns had been sub- 
jected, have nevertheless, until recently, been unable to devise the proper remedy. 
Already Rodman had introduced his large-grained, perforated cake, and prismatic 
powders with encouraging results, but a continuation of experiments indicated 
that the problem was but half solved. 

The original question which presented itself for solution may be stated as 
follows : Given a gun of which it is desired to properly test the endurance, to 
find a powder which will yield maximum velocities with minimum or moderate 
pressures, and a practical projectile * which, at every discharge, will oppose in 
its passage through the bore an invariable resistance to the action of the charge, 
whereby such an uniformity of results shall be obtained as will enable us to form 

* A elosso*fitthi<r cylinder might conduce to the desired result, but, not being -A practical projectile, 
w ould establish no criterion of the performance of the gun in actual service. 
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ii fair judgment as to the probable endurance of similar guns under like circum- 
stances. The introduction of large-grained, slow-burning powder, therefore, 
solved just half the problem; it served to diminish the average pressure brought 
to bear in our large guns, but it proved no safeguard against frequent irregulari- 
ties on the part of the projectile, such as balloting, wedging, breaking, etc., to 
which could clearly be traced pressures so enormous as to vitiate in a moment 
all previous results, and render it simply impossible to base any practical con- 
clusions upon them, or form even a reasonable conjecture as to what tin? guns 
would stand, provided they were not liable to the occasional " anomalous results" 
of an enormous powder-pressure and a reduced velocity. One such pressure 
and one such wedging strain might ruin a gun which otherwise — that is, if sub- 
jected only to such strains as it was calculated to withstand — would yield a 
handsome endurance. 

To attain the desired uniformity of results in proof and service, but one plan 
now presented itself, namely, the devising of such a system of rifling and pro- 
jectiles as would ensure to the latter infallible uniformity of action for given 
charges of the same powder. Failing to attain this, there would then remain 
but the recourse of attempting to produce a gun so strong as to be able to suc- 
cessfully withstand the enormous strains from which wo arc obliged to confess 
our inability to protect it. In this direction vast sums have been expended, and 
powerful guns of costly materials and construction have been built, only to 
fall victims, sooner or later, to a vicious system of rifling and a faulty pro- 
jectile.* 

I have every confidence that either of the muzzle-loading systems previously 
recommended will prove entirely reliable ; and it is clear, if such should prove 
to be the ease, that it will afford us for the first time an opportunity of fully and 
fairly testing the merits of our cast-iron rifles. I therefore urgently recommend 
that if the new expansive projectiles continue to give perfect satisfaction — after 
embracing in their record sonic of 12-inch calibre — the Department endeavor to 
procure a cast-iron rifle of large calibre and proper -weight, with a view to the 
practical determination of so important a question as the endurance Of such a 
gun under fair conditions of service. 

Before discussing further the merits of this proposition, it may be well to 
consider briefly the record of our cast-iron guns. To this end I have extracted 

* It M ould require millions of money and years of time to establish a Woolwich or an Essen in this 
country. Congress will never appropriate an amount sufficient for such a purpose, nor even the yearly 
million to keep such an establishment in operation. 
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the subjoined record from the firing reports at this post;* and as even the 
smooth-bores have fallen under suspicion, and as their history also embraces the 
record of many heavy pressures incurred during- experiments with powder, I 
will include a 1'ew of them in the following resume. The 8-inch and 10-inch 
Hodman guns have shown extraordinary endurance, and, being generally ac- 
knowledged the finest smooth-bore guns of their calibre in any service, further 
reference to them is unnecessary. 

1. A 15-inch gun at Fort Monroe endured 410 rounds before bursting, 
served generally with 100 pounds of powder and a solid shot of 450 pounds. 
During this tiring all kinds of experimental powders were tested, some varieties 
giving the very high pressures of 50,000 pounds to 80,000 pounds per square 
inch. 

2. Two 15-inch guns, cast at Pittsburg recently for the navy, were fired 
to extremity, enduring upwards of 000 rounds each, with 100-pound charges and 
solid shot. The powder used gave a much higher average pressure and greater 
irregularity than does our present standard — i.e., that of more recent manufac- 
ture. One of these guns was cast solid, the other hollow, the latter showing a 
slight superiority. Concerning the hollow-cast gun, its manufacturers, I believe, 
considered it in a measure unsatisfactory, owing to a want of recent experience 
and the loss of some skilled workmen during several years of idleness in gun- 
casting. Moreover, it was cooled by a current of air instead of water, and there- 
fore (although the use of air was suggested by Hodman) could not be regarded 
as a fair representative gun of the Rodman system. Nor does there appear any 
evidence that the Navy Ordnance Department made any stipulation, or even 
tests, as to the initial tension of the casting; and it is doubtful to my mind if 
air-cooling would yield as much as one-third of the initial tension which theory, 
confirmed by practice, has shown to be important. Nevertheless, the gun at- 
tained to over COO rounds. This good record, I think, may be attributed to the 
fact that, although the powder employed was unnecessarily violent, the " proof " 
was conducted consistently throughout an an endurance teat, and all outside ex- 
periments or departures from the set programme properly excluded. 

3. The 15-inch gun, No. 19, now mounted at Fort Monroe, has been used 
exclusively for experimental purposes (testing powder and carriages), and has, 
therefore, not been subjected to regular proof. Many kinds of powder have been 
fired from it, such as "Mammoth," "block," " lense," "perforated cake," 
" square," and "hexagonal." 8ome three hundred rounds have been fired, with 
charges of from 100 to 125 pounds of powder and solid shot of 452 pounds, and 

* Fort Monrop Arsenal, Doooinlior. 1S7"2. 
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a few rounds with charges somewhat lighter. This gun, as would naturally be the 
case from not receiving fixed treatment, has frequently been subjected to high 
pressures. 

During our recent war the 10-inch and 15-inch Rodman and the 9-inch and 
11-inch Dahlgren guns in the army and navy were fired more frequently than any 
similar number of heavy guns have been fired in any European war, and, it is pos- 
sible, quite as often as any future war may necessitate ; yet not one was disabled 
nor in the slightest degree impaired. One 15-inch gun only, used experimentally 
on the proof ground, was so far injured by some of the high-pressure powders test- 
ed in it as to reveal within a hundred rounds a crack in the bottom of the bore, after 
which firing with it was discontinued. On this gun a cannon-lock was used, 
which closed the vent on the exterior, and General Hodman ascribed an injurious 
tendency to this plan. 

4. An 8-inch Rodman gun, rifled with five ribs which fitted into correspond- 
ing grooves cut through the entire cylindrical length of the projectile, endured 
under this vicious system 88 rounds, but had to give way, owing to the heavy 
and long-sustained pressures and strains to which it was subjected. 

5. Another 8-inch Rodman rifle (expansive system) endured successfully 
1,046 rounds, bursting at the 1,047th round, under a pressure of 150,000 pounds 
per square inch, caused, it was thought, by the stripping and wedging of an ex- 
perimental projectile. The record of firing embraces many pressures, approxi- 
mating 100,000 pounds per square inch. 

G. An 8-inch Rodman rifle, the mate to the last-mentioned gun, has been 
fired 8G4 times, and is yet serviceable. The bottom of the bore is marked witli 
a very light net- work of cracks or seams,, but the lands and grooves of the bore 
are as sharply defined as ever. In this gun 205 pressures have exceeded 
50,000 pounds per square inch, 135 pressures have exceeded 75,000 pounds, 16 
pressures have exceeded 100,000 pounds, 4 pressures have exceeded 125,000 
pounds, and 3 pressures have reached 150,000 pounds per square inch. 

7. I will next mention a 12-inch Rodman rifle which endured, before burst- 
ing, 472 rounds. This gun was fired with 70-pound charges and projectiles of 
500, 600, and nearly 700 pounds. All sorts of experimental powders and pro- 
jectiles were employed; great numbers of the projectiles "stripped," " wedged," 
and " upset," and very many pressures exceeded 50,000 pounds, 70,000 pounds, 
and 90,000 pounds per square inch. The projectiles recovered showed marks of 
the lands, in some cases throughout the entire length of their cylindrical portion, 
and in other instances quite deep impressions of the rifling were found upon the 
forward end. Of many pressures no record was kept. 
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S. The 12-inch Rodman rifle which burst last September at the twenty- 
seventh round, under a pressure of 100,000 pounds (due, as I maintain, to a 
stripped and worthing projectile), had been subjected at the sixth and seventh 
rounds, by the wedging of the projectile (which was thereby deeply indented), to 
the enormous pressures of 240,000 pounds per square inch, and some twenty 
subsequent pressures, ranging from 50,000 pounds to 150,000 pounds, the higher 
pressures being clearly traceable, in my opinion, to the misconduct of the pro- 
jectiles. This gun was so unfortunate as to meet with a rapid succession of the 
strains to which, from causes previously explained, our cast-iron rifles have 
hitherto been constantly exposed. At the sixth and seventh rounds, above 
quoted, the charges wen; increased from GO to 70 pounds of Mammoth powder. 
Tin; result was in each case quadruple the pressure, and absolutely 100 feet lexs 
velocity.* 

In consideration of this record, it should not be lost sight of, 1, that not a 
single one of these guns has been regularh proved by fixed charges of standard 
powder and good projectiles, but that all sorts of experimental powders and pro- 
jectiles have been employed, resulting frequently in strains that would be liable 
to burst the strongest guns; 2, that all our guns have been too light — the 12- 
inch rifle, for example, albeit of cast iron, is from 28,000 to 30,000 pounds lighter 
than the built-up 12-inch steel gun of Prussia or the 12-inch built-up wrought-iron 
and steel gun of England; 3, that this record comprises u\w jirxt attempt toward 
the production of heavy rifles of cast iron. Compare this record of a first attempt 
with the early efforts of England, Russia, Prussia, and France, and there will be 
seen abundant encouragement for further and more fairly-conducted trials. 

It is my belief that a 12-inch rifle, constructed on the Rodman plan, of 
proper weight, properly rifled, and fired to extremity with our improved powder 
and projectiles, would develop excellent endurance, and could be depended upon 
for at least 500 rounds with 100-pound charges of improved powder and projec- 
tiles of (MM) pound-* (meeting, as previously explained, any demand for an in- 
creased weight of projectile by a corresponding increase of calibre) ; and 1 think 
that a careful consideration of all the disadvantages attending our previous trials 
of cast-iron rifles, and of the great powers of resistance therein developed, to- 
gether with our present improved facilities for the application of fair and proper 
tests, will convince even the opponents of the Rodman system that further trials 
are imperatively needed to definitely determine the merits of cast iron for heavy 
rilled guns. 



* Sco otrly pares of this iv| orl. 
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It is thouglit that Congress would appropriate moderately, year by year, for 
these guns, if it can be clearly shown that their procurement would be a judicious 
expenditure of public money. There is, of course, but one way of showing this, 
and that is the practical one of proving such guns to be reliable ; and we should 
lose no time in establishing this fact or the contrary. Assuming it desirable to 
tire projectiles of at least 700 pounds in weight, 1 therefore respectfully urge 
that earnest efforts bo made to procure at least one Rodman gun of 13 inches 
calibre, weighing at least 80,000 pounds, and rifled on the plan already described ; 
and that, if procured, the programme for its proof be something as follows : 

1. Determine as nearly as possible a large-grained powder of suitable density 
and granulation, using for this purpose the light 12-inch rifle now at Fort Dela- 
ware. 

2. Determine at the same time and by the same means, as nearly as possi- 
ble, the correct dimensions and proportions of the projectile. 

3. Fix the weight of tho projectile at 770 pounds, and commence the proof 
of the 13-ineli by gradually increasing the charge until a satisfactory velocity be 
attained, or until the powder-pressure reaches a certain limit, say 35,000 pounds 
per square inch, since we know that high velocities are attainable with such 
pressures. 

4. Having determined on a satisfactory powder, it will probably be found 
that charges of 130 pounds will impart to the projectile of 770 pounds a velocity 
of at least 1,350 feet, with pressures not exceeding 35,000 pounds per square 
inch as a maximum. Still better results would probably obtain with cake or 
prismatic powder, although this would give a total energy of 9,727 foot-tons, as 
against 8,213 foot-tons, the maximum service effect of the English 35-ton rifle, 
and complete penetration of over fifteen inches of solidly-backed wrought-iron 
plate. 

5. Having determined on a satisfactory charge of powder (in kind and 
weight), adhere to it rigidly as a standard throughout the trial ; and, furthermore, 
for at least 000 rounds, if the gun endure so long, let no change be made in the 
weight or character of either powder or projectile. 

kSo simple a programme, rigidly adhered to, will afford a vast amount of ire- 
ful information, and will furnish the only practicable and convincing proof of (he 
fitness or unfitness of cast iron for rifles of large calibre. 

Should it be found that but three or four hundred rounds constituted the 
"life" of such guns, yet, as the simplicity of their construction would probably 
ensure uniformity of product, and the good character of the projectiles and pow- 
der uniformity of endurance, I would consider such a result as fully justifying the 
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immediate procurement of these guns in largo number* for coast defence. Dis- 
regarding the possibilities of the system for improvement, and bearing in mind 
simply such a record, the necessary expenditure could not be thought unwise 
merely because at some future day it might be found that for double the money 
we could procure stronger guns. During even a protracted war, it is altogether 
improbable that any dozen of such guns would half exhaust the most moderate 
estimate of their endurance. 

The u battle of the guns" is not yet fought out. Will it ever be so ? It is 
tolly, I submit, to await the decision of so doubtful a conflict, and it behooves 
us to determine absolutely, and without delay, whether we have not within our 
own resources — nay, if we have not already available in the Rodman process — 
a cheap, reliable, and efficient system of heavy-gun construction. 
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Time and Percusstox Ffzes. 



LETTER TO THE CHIEF OF ORDNANCE, DECEMBER, 1875. 

Some two or three years since I had the honor to submit for your considera- 
tion certain forms of time, percussion, and combination fuzes, which I then con- 
sidered might possibly prove acceptable substitutes for those in service. Having 
recently somewhat modified these fuzes, and applied some of them to drawings 
accompanying my report on projectiles and rifling, it may be well to present the 
following explanation of the same, accompanied with drawings in sufficient de- 
tail. A great amount of ingenuity has been expended in attempts to produce an 
entirely satisfactory fuze, but hitherto with indifferent success. I cannot promise 
that the plans here presented will be more successful, but submit them as likely, 
in my judgment, to give good results. 

Referring to the 3.5-inch shrapnel on Plate III., it Avill be seen that I have 
provided it with a percusmon-fvizc. I am aware that this will seem like an inno- 
vation on the practice of service, which has heretofore restricted the use of per- 
cussion-fuzes altogether to shells, it being generally considered impracticable to 
employ any other than a time-fuze with the more deadly shrapnel. That in nine 
cases out of ten the percussion-fuze would prove more efficient in such projectiles, 
I have long been persuaded ; and the Prussians would seem to have tested the 
question practically, since a large proportion of their rifle shrapnel is provided 
with the percussion-fuze. But before discussing the relative merits of the time 
and percussion-fuze, I will briefly describe those here presented. 

The fuze shown in the projectile on Plate III. is seen to be a simple modi- 
fication of the ordinary percussion-fuze, substituting for the usual plunger and 
percussion-cap a centre-primed plunger, practically a centre-primed cartridge, 
which, darting forward upon the impact of the projectile, strikes a firing-pin, X, 
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ill the screw-plug, S. The usual safety-wire is broken by the shock of discharge, 
anil, for additional safety in transportation, the plug, S, may be reversed, or a 
pin may be arranged so as to be withdrawn before tiring. 

Fig. I., on Plate XXV., represents a combination-fuze. The plunger is seen 
to be hollow; its bottom is perforated, and attached to its centre is a friction- 
wire. Should the friction-wire fail, and the percussion arrangement succeed, 
the explosion of the fine powder with which the plunger is charged communi- 
cates ignition to the lower chamber. Both failing, the time arrangement may 
succeed. The time-fuze composition is arranged in a circular channel, as in the 
Bornian fuse. 

Pig. J I., Plate XXV., shows a combination-fuze arranged on the same 
principle as that just described. In this ease the friction-wire is dispensed with. 

Plate XXYI., Pigs. I., II., and III., represents a form of combination-fuze 
which I think would prove efficient. The fuze-stock embraces three parallel 
cylinders. In one is fixed a percussion arrangement, in another a time 
arrangement, and both have communication with the third cylinder, which is 
charged with tine powder. As is shown in the drawing, this magazine may be 
fired either by the action of the percussion-fuze, or by having one of the open- 
ings, arranged spirally about the time-fuze, brought opposite one of the vertical 
series of holes communicating through the diaphragm with the magazine. The 
usual paper time-fuze is first placed in the brass receiver (which is easily revolved 
and secured in any desired position), and then tapped through the openings of 
said receiver. The openings through the diaphragm may be filled with powder- 
paste. It would probably be well to shorten the percussion arrangement, in 
order to restrict the forward movement of the plunger to the shortest practicable 
limit. 

If elongated projectiles could be relied upon to strike invariably "end on," 
or point foremost, the construction of a satisfactory percussion-fuze would pre- 
sent little difficulty; but this is the case only with projectiles of the larger class, 
intended to be used against fortifications, ships, etc. In field-firing, and in many 
cases of bombardment, the projectile, keeping parallel to itself, and departing 
more and more from a tangent to the trajectory, must, unless it strike an ob- 
stacle, like a tree, a house, or hill-side, strike first upon its side, and, when the 
ground is level, with a sort of "heel-and-toe" movement; and there is little 
doubt that on the battle-lield fully nine-tenths of the projectiles are liable to 
strike in this manner. The consequence is so slight a check in velocity that 
the plunger does not move forward with sufficient force nor quickness to cause 
explosion, added to which difficulty is the liability of the fuze-stock to bend, as 
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shown at A, Fig. III., Plate XXYII., in which ease it will be impossible for 
the plunger to move forward, ujmard, and past the obstruction at K, where 
the bend occurs. Tn great part this objection might be obviated by shorten- 
ing, and thereby stiffening, the fuze, as in Plate III. ; and I am well assured 
that the unsatisfactory action of our percussion-fuzes during the late Avar may 
be ascribed, in part at least, to their unnecessary length. As a more perfect 
remedy for these defects, I have designed the fuzes shown in Pig. IV., Plate 
XXVI., and Pigs. I. and II., Plate XXVIII. Referring to the last-mentioned, 
P is a fuze-stock screwed into the base of a projectile, P is a plunger, 0 a 
centre-primed magazine, and a is a safety-wire which is broken, by the inertia of 
the plunger, upon discharge. If the projectile strike end on, the plunger will 
of course dart forward and explode the magazine, or centre-primed cartridge, 
O, which ignites the charge by blowing off the cover or disk, I. If, however, the 
projectile strike upon its side (see Pig. III., Plate XXVII.), the fuze-stock is 
bent downward ; but as the bend occurs behind the plunger, at the neck of the 
stock, X (the stock being purposely weakened at that point), the free motion 
of the plunger is not interfered with, but, on the contrary, is assisted, by the 
downward inclination of the channel. 

Figure I., Plate XXVIII., represents a concussion-fuze which, it is thought, 
will operate successfully, whether the projectile strike end on or sidewise. F 
is a fuze-stock, having a plunger, P, secured to it by means of a screw, S, operated 
by a key K ; a, b, and c-d arc rough or serrated " friction-wires," passing through 
channels in the plunger, which may contain also two or more side or lateral 
channels primed with friction composition. The friction-wires are secured firmly 
at a and c, and more lightly at b and d. The fuze-stock is screwed tightly into 
the base of the projectile, and is provided with a lead washer, w, and gas-check 
of copper, G. As shown in the drawing, the fuze is secured for transportation. 
Before firing, the key, K, must be turned to the left by means of a screw-driver, 
until the -screw, S, reaches the bottom of the tenon in the key, when it can he 
moved no further in that direction, which fact indicates that the fuze is ready 
for firing. On the contrary, if the key be turned to the right until it stops, we 
knoAV the fuze to be prepared for transportation. The fuze being ready for firing, 
if the impact of the projectile bo direct, the plunger, P, darts forward from its 
seat and into the charge, the friction-wires being drawn through it, and thereby 
igniting the composition in the channels. Should the projectile strike first on 
its side (A), the plunger will drop downward, hinging about a point o, and, 
withdrawing the opposite wire, a b, thus effect ignition. The general tendency 
of the plunger will be downward and forward. 
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Figure IV., Plate XXVI., illustrates a percussion-fuze which it is believed 
might prove very efficient. F is the usual fuze-stock, screwed into the head of 
a projectile, A; P is a plunder primed in a circle at c ; s is a screw-plug furnished 
with two or more firing-pins, n ; M is a magazine attached to the plunger by 
a ball-and-socket joint; i is a safety-wire, and JS a safety- screw. The magazine 
is primed about its periphery, y>, with fulminate, and is charged with tine 
powder. 

The operation of this fuze is as follows: Before firing, the safety-screw, S, 
is withdrawn and thrown away. If the projectile strike point foremost, the 
plunger darts forward, and, exploding its priming, c, ignition is conveyed to the 
magazine, and thence to the charge through perforations in the bottom of the 
magazine, or by blowing off the bottom, which may be attached by crimping 
around the edge. If, however, the projectile fall on its side, the magazine, 
being only feebly restrained by the wire /, hinges about its socket-joint, and 
strikes with its primed periphery, y>, the side of the fuze-stock at p', thereby 
generating explosion. The safety-screw. 8, when pressing tight against the fiat 
end of the magazine, will keep the latter secure from motion during rough 
handling and transportation. 

I have given as my opinion that the percussion-fuze should be employed 
much more generally than has hitherto been the case in our service, and that 
not only in shell but in shrapnel also it should be extensively used. There are 
circumstance's, of course, when the use of a time-fuze becomes necessary in field 
projectiles. In a plunging fire from any considerable elevation, for example, 
the projectiles, if furnished with percussion-fuzes, may bury themselves out of 
harm's way in the ground before exploding; and in firing at such high angles of 
elevation that the projectile reaches the ground butt foremost, the time-fuze 
should of course be employed. But in ordinary field-firing I am convinced that 
the percussion-fuze will prove vastly more efficient than the best time-fuze, and 
it may be well to examine some of the reasons in detail for this belief. 

A time-fuze should possess the following essential properties, else i! cannot 
l;e considered efficient and successful : 

1. Regularity of burning to within at least one-tenth of a second. 

2. Not liable to premature explosion. 

<">. Xot liable to deterioration in store, handling, or transportation. 

1. Xot likely to be injured from shock of discharge. 

5. Readily cut or adjusted. 

<>. Xot dangerous to handle. 

7. Xot complicated or expensive. 
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If it is conceded that the time-shell or shrapnel, in order to be efficient, should 
explode within 100 feet of the enemy's front, then it is necessary that the faze 
should burn, as cut, to within l-10th of a second. In point of fact, however, I 
do not believe any time-faze was ever made of which a majority would burn to 
within a full second of the time calculated for even moderate ranges — I mean, 
of course, in a practical tiring test — and not burning calmly and quietly, without 
the disorganizing shock of discharge and powerful air-currents which affect the 
fuze in actual service. Xow, in field-service, if Ave suppose the terminal velocity 
of the projectile to be 900 feet per second, it follows that if the fuze burn one 
second " short," the shell M ill explode some 900 feet in front of the object aimed 
at ; and if the fuze burn one second " long," the explosion will occur nearly 900 
feet beyond the enemy ; while the variation either way of but half a second 
causes explosion either harmlessly beyond the enemy, or, with scarcely more 
effect, 100 feet in front of the correct bursting-point. At short ranges the error 
of burning is less, but the velocity of the projectile is greater. 

In Figure I., Plate XXVII., let us suppose the projectile to have a velocity 
of 1,000 feet per second, and we will assume that the fuze is correctly cut or 
adjusted for the distance to the object, T. If the fuze burn correctly to within 
one -tenth of a second, the projectile will explode within 100 feet of the object, 
and, if in front of it, may prove effective. In good fuzes, probably one in 
twenty may cause explosion within this desired limit, The effect of explosion, 
however, is usually not formidable; the "cone of dispersion" flares widely; 
many fragments strike the ground at such an angle in front of the object that 
they do no harm and cannot ricochet; others fly up in the air and fall harm- 
lessly beyond the object; and I have known a target ten by fifty feet escape 
without a fragment from a 30-pound shell exploded by a time-fuze within 100 
feet of it. If the fuze burn one-tenth of a second long, explosion occurs, of 
course, behind the object; and for every tenth of a second short, the projectile 
explodes 100 feet farther short of the object, and the dispersion of fragments 
becomes more and more wide and harmless in a rapid ratio. I repeat that, 
owing to the difficulties of service, but little dependence can be placed upon the 
regularity of time-fuzes, and that for ordinary ranges a large proportion do not 
burn true to within a whole second. Not too efficient when perfect, they are 
practically worthless avIicii defective, and may indeed only serve to encourage 
the approach of the enemy. Another important objection to the time-fuze in 
lield-serviee is that it is impossible to rectify the aim by the explosions. To an 
observer stationed with the battery, all the shell may appear to explode admir- 
ably, when in fact some are exploding beyond and others hundreds of feet in front 
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ol' the enemy. I have frequently observed batteries in action, and even in target- 
firing, when those serving the buttery imagined they Avere doing unexceptionably 
fine shooting ; whereas, from my position on the flank, I would observe that not 
one shell in twenty exploded at the correct point, I feel confident that hun- 
dreds of officers have had a similar experience. 

The percussion-fuze in this last respect possesses a great advantage over the 
time-fuze, for every projectile which explodes indicates, as perfectly as any 
" marker " could do, the exact range, deviation, etc., of the firing, which can 
accordingly be at once corrected. 

Keferring to Fig. II., Plate XXVII., we may examine the usual action of 
the percussion-fuze in field-firing. When the projectile strikes the ground, it 
takes some time for the fuze to communicate explosion, which accordingly does 
not occur until the projectile has left the ground, and is rising therefrom, usually 
from five to seven feet from the point of impact, and from one to two feet above 
the surface. This statement may be easily verified by firing percussion-shells 
over a level stretch of ground or along a sandy beach ; at the extremity of the 
range in each instance will be found two marks, the first being the clean, fresh 
graze of the projectile, and the second the point of explosion, sometimes powder- 
stained. 

If we suppose the piece to be so correctly aimed that the projectile passes 
through the object, T, the explosion will occur behind the object, but we have 
at least the effect of direct impact. Next, supposing the projectile to strike 
within fifty feet of the object; nearly all the fragments will bo caught by a target 
10 x 20 feet, and, in case of non-explosion, the projectile will strike by rico- 
chet. At one hundred feet distance, the explosion will still be deadly, and the 
ricochet, in case of non-explosion, still dangerous. Many of the fragments 
which strike the ground do so at such an angle as to ricochet and be capable of 
execution. I have little doubt that greater effect would be produced by explo- 
sions caused by a percussion-fuze at three hundred feet, than by those of the time- 
fuze at one hundred feet from the object aimed at ; and when it is considered that 
a great proportion of the percussion-fuzes maybe exploded, at fair ranges, within 
one hundred feet, while the majority of time-fuzes will fail to operate within 
four or five times that distance, I think it cannot be doubted that the percus- 
sion-fuze will generally prove by far the more efficient of the two. 

The combination-fuze I have a poor opinion of. Besides being generally 
more or less complicated, it is usually not equal, as a time or percussion fuze, to 
the more simple forms of either kind. When the time arrangement fails to 
ignite or burns too long, the percussion arrangement will come into operation, 
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but in all likelihood in an unfavorable position ; and whenever the time-fuze 
burns short, the shot will be lost. An efficient and cheap combination-fuze 
would prove of value, provided cither the time or percussion arrangement could 
be used, and the plan was simple and easily understood by the soldier. It 
might be a good plan to attach a percussion-fuze to the base of a projectile, and 
the simplest and best form of time-fuze to the head ; but it is best, in my judg- 
ment, to apply the two kinds of fuzes to different projectiles, which could then 
be used as occasion demanded. 

Without the slightest hesitation — believing it impossible to make a time- 
fuze which will burn accurately within the necessary limits to be efficient — I 
venture the assertion that our shell and shrapnel practice would be vastly 
benefited by the exclusive use of the percussion-fuze and the absolute suppression 
of time-fuzes, instead of restricting the former to fifty per cent, of the shell 
alone employed ; but as there will always occur during a campaign circum- 
stances when a time-fuze should be employed, the efficiency of the service 
would probably be promoted by retaining a limited number of time-fuzes in 
the complement for every battery. 

I am led to the foregoing opinions from personal observation of con- 
siderable practice in this country, and from the fact that the time-fuze is 
passing somewhat into disuse in Europe. 

I therefore respectfully recommend that, while testing the merits of the 
pattern of case-shot on Plate III., we at the same time test the merits of the 
different kinds of percussion-fuzes herein described, and such others as may be 
presented, and, having determined upon the most efficient form, continue the 
experiment with case-shot, in order to definitely determine the relative merits 
of time and percussion fuzes for case-shot firing from rifled guns. 
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ADDENDA TO PART FIRST. 



LETTER TO THE CHIEF OP ORDNANCE, NOVEMBER, 1873. 

Referring to my report and recommendations on the subject of projectiles 
and rifling, it may not be uninteresting to recapitulate, in brief, the record of the 
now projectile which, for the last two years, has been in use by the Department 
for general experimental purposes. I therefore respectfully submit the follow- 
ing additional data and remarks, with the request that they be merged in my 
previous report. 

Recent experiments at Fort Monroe Arsenal complete a record of over three 
hundred rounds with the new shot — a record which is unblemished by a single 
failure in any respect, and which comprises a great variety of calibres and 
weights ; while the charges used were frequently heavier than had ever before 
been attempted in this country. Thus, 3-inch projectiles of 9, 10, 11, 12, and 
12^ lbs. ; 8-inch of 150, 170, and 190 lbs. ; 10-inch of 250, 300, 330, 390, and 400 
lbs. ; and 12-inch of 600, 050, and 700 lbs., have been tired with heavy charges, 
and all with never-failing satisfaction and accuracy, and with infallible smooth- 
ness of flight. The following table gives a summary of a few of the results ob- 
tained, in some cases taking the average of a series. 

Referring to the reports of Colonel Baylor, from which the extracts in Table 
XIII. have been made, it will be found that in all cases where a scries of rounds 
have been tired with these projectiles and an unvarying charge, the resulting pres- 
sures, velocities, and ranges have been marked by a great degree of uniformity, 
while even with inferior powder we encounter none of those " anomalous " results 
of enormous pressures and reduced or disproportionate velocities so often trace- 
able to misconduct on the part of the projectile. The projectile, thus acting uni- 
formly under all circumstances, affords a fair opportunity of testing our experi- 
mental powders ; and accordingly the wisdom of the Department in selecting 
this projectile for such purpose is abundantly vindicated. 
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TABLE XIII. 

A brief Summary of Results obtained up to Xocetnber 1. I $73, with the Xcto Projectile, and 
Experimental Powders. From Reports of Major and lire ret -Col. .'/'. (!. /Jai/lor, Commanding 
Fort Monroe Arsenal. 







Projectile. 


Powder. 




Vuztfi? 
Velocity. 




Date 




Calibre 

of Gun. 

Kind. 1 

i 




Weight. 




Kind. 


_. 

Weight. 


Tressure per 
sqr. inch. 




Action of Pro- 
jeetile. 






Inches 


Pounds 




Pounds. 


Pounds 


Feet 




April. 


1871 


3 Shell 


9.2 


Old Mortar 


I 




1236 


Perfect. 


August, 


872 


3 i; ! 


94 




1 




1208 


h :; 
> 






3 


10 


New 


'i 




1346 






3 i: ! 


10 








i45° 


Dec, 


872 


3 ' ; i 


9.2 


Old 


3 




1711 


June, 


872 


8 : '• | 


140 


Old Main. 


20 


21,000 






Oct., 


872 


8 Cored Shot 


167 




22 


25.OOO 


1310 




l'YbV, 


873 


8 " » ! 


190 




3° 


50,000 


i35 2 




March, 


873 


8 <• " ! 


170 


Hexagonal 


35 


30,000 


1481 




: April, 


873 


10 ; Shell i 


33° 




5° 


22,OO0 










10 " 


33° 




60 


26,000 


1420 








10 Cored Shot j 


387 




60 


28,000 


1352 








10 " li 


400 




70 


35.°°° 


1365 




Jan y, 


873 


10 i; " | 


400 


Cake 


69 


24,000 


!37 2 






10 " '• 1 


400 




79 


38,000 


1468 








10 ! Shell i 


253 


Hexagonal 


5° 


20,000 


I.S40 




Oct., 


1873 


12 Cored Shot; 


600 




90 


24,000 


1275 








600 




100 


2(5,000 


1316 








1 2 " li 


600 




1 10 


37,000 


1375 








12 ■ •• " | 


700 




90 


28,000 


1200 








12 '• " 


700 




100 


38,000 


1280 





* The three last charges and velocities given in Table It., Part First, were erroneously reeopied 
from a subsequent record. They should read as follows : 1] pounds, 1,274 feet ; 1| pounds, 1,308 feet ; 
:i pounds, 1,711 feet. 

The important improvements recently niado in our powder, and the unques- 
tionably tine results already obtained, indicate that notwithstanding our enforced 
inaction during the past five years, so pregnant with improvements in this direc- 
tion in the Old World, only a slight effort is required to place ourselves again in 
the van on the question of effective heavy ordnance and efficient powder and 
projectiles.* A few years ago we led all nations in the size and destructive 

* We are very prone, I think, to overestimate the strength of foreign armaments, from the fact that 
the introduction of every new gun is heralded with Man, and wc are. familiarized with the wonders expect, 
cd of it long before it has left the workshop. We lose sight of the time necessary to reproduce even a few 
guns of such pattern, and the delays occasioned by changes of plan, trials, proofs, etc., and innocently sup- 
pose that the fortifications and ships of our neighbors must he bristling with guns of the formidable char- 
acter of which we. have been reading for a year or two. I have not the slightest doubt, for example, that 
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power of our guns, in the strength of our cast-iron projectiles, and in the quality 
of our powder. Since then other Governments have taken up these various sub- 
jects at points where we wen; compelled by an economical Congress to leave? 
them oil. England has produced her 35-ton gun and pellet and pebble powder; 
while Krupp, in Prussia, adopting Hodman's prismatic powder, has developed 
a velocity of 1,500 feet in a 12-inch rifle. This last feat of Krupp we may never 
bo able to excel, but may practically equal in our simpler and cheaper muzzle- 
loading system ; while, by a simple increase of calibre in our guns, we may meet 
any demand for increased power. 

In Ordnance; Xotes Xo. I J I. were recorded the results of experiments with 
" hexagonal " powder up to May 3 in the 15-inch smooth-bore. Subsequent tests 
indicate that it is admirably adapted for use in heavy rifles. 

'fable XIV. is compiled from the original reports of Colonel Baylor, and 
comprises the latest bring with 8-ineh, 10-inch, and 12-inch rifles. 

During the progress of experiments with cake-powder a vent was bored in the 
breech of the 10-inch Hodman rifle in prolongation of the axis of the bore. The 
first three charges of hexagonal powder Mere ignited through this vent, and it 
will be interesting to compare the results with the subsequent rounds, where the 
ordinary vent was used. Referring to rounds Xos. 48 and 50, it will be seen that, 
weight for weight of powder and projectile, equal velocities were attained, while 
the use of the experimental vent involved more than double the pressure ; and 
referring to round Xo. 51, it is seen that the addition often pounds to the charge 
imparts an additional velocity of about seventy feet when tired by the ordinary 
vent, while the pressure is still less than half that resulting from the use of the 
experimental vent and the lighter charge. 

The density of sample " E. V." hexagonal powder is 1.755 ; that of " E. U." 
is 1.775. Sample E. V. proving very superior in the 15-inch gun, it may bo in- 

a great majority of officers, of both tin- Army ami Navy, ami the. groat mass of the public generally, believe, 
that England has hundreds of built-up wrought-iron and steed Woolwich rifles of ton-inch, elc.vOn-inih. and 
twelve-inch calibre ; whereas her complement of : such guns up to January, 1873, was, 1 believe, as follows : 
Number of 10-inch Woolwich guns of 18 tons available, about 18. 
" 11-inch Woolwich guns of 25 tons " " 8. 

" 12-inch Woolwich guns of 25 tons " " 15. 

" 12-iueh Woolwich guns of 35 tons " " 2. 

" 13-inch Elswiek guns of 25 tons " " 1. 

hi addition to the, above, might be mentioned something unior four hundred ( .)-inch rifles, and less 
than one hundred 8-inch rifles— altogether, scarcely a sufficient number to place oiic of our principal har- 
bors in ;i respectable condition of defence. 

Prussia, in the matter of heavy guns, is probably not so well off as England. Other countries are 
doubtless still further behind. 
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TABLE 

Record of Firings at Fort Monroe A rsenal, 



Kind ol Camion. 



155 Feb. 
156 



18 8" wrought-iron rifle Old Mammoth . 



wrought-iron rifle Du Pont's hexagonal 



10 ' Rodman rifle . 



Hexagonal "E. V." 
Hexagonal " E. XJ." 



10" Rodman rifle . . . Hexagonal " E. V." 
12" Rodman rifle . . . Hexagonal "F. E." 

" " ... Square " P. D." 

10 Sept. S 12" Rodman rifle .. . Hexagonal " F. E." 



15 Oct. 1 12" Rodman rifle . 

16 Oct. 22 12" Rodman rifle . . 



Square " F. D.". . . 
Hexagonal " F. P.' 



.jllexagonal "F. Q.' 
.] Hexagonal "F. P.' 



Projeotile. 
Kind. ' Weight. 



Butler. 
Butler. 



Butler. . 
Butler. . 



600 
600 
600 
600 
600 



650 



lb 8 per ' Initi » l 
bore. j Ieet " 



50,000 
69,000 
43,000 
63,000 
48,000 
57,000 
44,000 
32,000 
61,000 

76,000 
50,000 

22,500 
24,5oo 
29,500 

28,500 
37,000 



57.000 
22,000 
22,000 
26,000 
25,000 
27,000 
29,500 
35,000 



22,000 
24,000 
25,000 
23,000 
23,000 
28,000 
23,500 



23,000 

18,000 

26,000 
37,000 
37,000 
33,ooo 

25,000 
27,000 
28,000 
37,000 



do ft. from 
1,286 



Lost. 

1475 
1,485 
1,460 
Not, taken 



1,410 
1,241 
i,345 



1,272 
Not taken 



1,188 
1,269 



Fivp rounds omitted wh?n other projectile* used. 
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XIV. 

with Improved Powder and Projectiles. 



from point aimed at. 
Eight. 



Left. Above 



Left. Above. 





! 0' 


6" 


i' 2' 


i 0' 


4" 








i 2 


0" 


o' o' 


0' 


0" 


2' IO' 







Strengthanddireetion; \ 



Front, left, and light At target— c lear, smooth scurtl. 



( These three rounds were fired hy means of a ) 
j vent through the breech, in prolongation of [• 



SPECIAL HEMABKS ABOUT EACH FIRF, 



At target— clear, smooth sound. 



At butt— sabot took grooves well. 



shot lost. 

sabot took grooves well. 



At butt— sabot look grooves well. 



At butt — shot lost. 

sabot took grooves well. 



At butt — sabot took grooves well. 
A t butt— sabot took grooves well. 



At butt— sabot took grooves well. 
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ferret! that a powder well adapted to the 15-inch smooth-bore is also well suited 
to the 10-inch rifle ; but that where projectiles of unusual weight are used in the 
10-inch rifle, a slight increase in the density of the powder will secure somewhat 
better results. 

The first thirteen rounds recorded in the accompanying table were tired at a 
target 1,500 yards from the gun ; they comprise all the heaviest (190-pound- 
ers) 8-inch projectiles on hand at the time. The place and date of manufacture; 
of the powder employed arc not definitely known ; it was made during the Rebel- 
lion, and of a lot shipped from several forts in Xew York Harbor. In view of 
the heavy charges and great weight of projectiles, the average pressure cannot be 
regarded as very high for powder of early manufacture. Some of the barrels 
had their contents considerably more affected by dampness than others, although 
the accuracy obtained, i.e., the small vertical deviation, would indicate that the 
irregularities of pressure recorded might be in part attributable to the unsatis- 
factory action of the large internal pressure-gauge, which appeared to be ill 
adapted to the bore of the gun. 

After the fifth of the above rounds, as the shot were clustering high (see tar- 
get on Plate XXIX.), the gun was lowered about live feet on the target, thus 
practically making two target-records, and necessarily increasing the moan ver- 
tical deviation. Had the aim not been thus lowered on the target, one shot 
would have gone over, and the target would have appeared as shown on the 
right, where the two groitps are assembled. 

From round Xo. 169 to Xo. 175 inclusive, heavy charges of hexagonal 
powder, and projectiles of about 170 pounds, gave the admirable results (low 
pressures and high velocities) found recorded in the table. These rounds also 
were fired at the 1,500-yard target ; but, owing to an error in sighting, three 
shots were expended, two being lost in getting the correct range and direction 
of the target. Of the remainder, the mean vertical, mean horizontal, and mean 
deviations from the centre of impact are 2' 8", 2 0", and 3' 4 respectively. The 
projectiles were not perfect castings, the core being out of centre and causing a 
slight eccentricity. 

After round Xo. 108, a smaller internal pressure-gauge was substituted for 
the large one previously used, and also an external gauge applied, the vent for 
which intersected the cartridge about midway. The pressures in the table 
represent, for each round, the average records of the two gauges. The average 
pressure with the internal gauge was 27,000 pounds per square inch ; the mean 
variation from this average was 3,000 pounds ; and the greatest variation 
6,000 pounds. With the external gauge the average pressure was 32,000 
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pounds ; the moiui variation 7,000 pounds ; and the greatest variation 13,000 
pounds. 

The heavy wooden platform upon whieh the 10-ineh rifle was mounted was 
uninjured ; the light but strong wooden platform of the 8-inch rifle was lifted 
bodily out of the sand — at the front about S inches, and at the rear 3 inches — 
during twenty-two rounds. The appliances for sighting the gun were poor ; 
wooden quoins and blocks of wood were used in place of an elevating screw. 
It is my belief that with good sights and elevating apparatus, well-made, eon - 
centric projectiles, and a level platform, the target-record here given, good as 
it is, can nevertheless be excelled. 

I had the honor sonic months since of addressing to you certain objections to 
the employment of 10-inch cast-iron shot of 400 pounds. I not only deemed such 
weight excessive, but feared especially to employ it in the particular shot in 
question, as we knew nothing of the quality of the iron ; and I pointed out the 
liability of a projectile of such length and weight crushing or breaking in the bore 
of the gun, if the grade of the iron happened to be poor or the casting defective. 

The first lot of these projectiles was tired (some of them several times) with 
entire satisfaction ; but a second lot from the same foundry proved not so fortu- 
nate. Out of eleven tired, six were recovered, and two of these were found to 
have been literally crushed from their own inertia, swelling out and embedding 
their iron walls deeply into the rifling of tlie gun, and causing a crack in the 
chamber. One of these projectiles showed thirteen and the other fourteen 
longitudinal cracks, extending throughout the cylindrical portion, and termi- 
nating at or near the junction of the sabot with the iron.* The powerful grip 
of the sabot, added to the pressure of nearly a million pounds upon the lower 
lip, acted as a reinforce to the projectile, and doubtless prevented it from crush- 
ing up completely within the bore. It is impossible to say how seriously the gun 
may have been injured by these two projectiles (and there may have been others 
which acted in the same way, as a number of shot which were fired upon this 
occasion could not be recovered for examination) ; although I think, from the 
nature of the crack — which extends from the vent to near the bottom of the 
bore — that the gun may be regarded as practically destroyed. Specimens 
extracted from this lot of projectiles, all of which proved to be very unsound, I 
have tested with the following results : 

A. From broken shot— Density, 7.127; Tenacity, 13,600 pounds. 

B. From unbroken shot — Density, 7.114 ; Tenacity, 14,266 pounds. 

* Those were cored shot brought up to weight by filling from the rear with about 5 pounds of sand 
and 10 pounds of load— not a safe plan. 
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Of course the slight superiority of the metal in the unbroken shot was not 
its salvation ; it doubtless had less velocity imparted to it ; but these tests — in 
connection with others from projectiles which had heen subjected to high velo- 
cities and heavy strains — would indicate that if a 10-inch projectile of 400 
pounds be a sound casting, a tensile strength of 20,000 pounds per square inch 
will ensure it fully against any accident of the kind described. There is no 
reason, however, why projectiles of large size should not give a tenacity of 
25,000 pounds per square inch as a minimum ; and I would respectfully suggest 
that the metal of all projectiles for the future, even though procured in small 
quantities, be tested according to such rules as the Department has seen tit to 
establish for 15-inch shot. It is not fair to the gun, nor to the projectile, to 
make the latter of chunks of rotten iron ; and 1 feel that I am justified in asking 
that the iron bodies for such projectiles of the new r pattern as may be in future 
desired (especially when they are intended to be of great weight) be of fair 
quality of metal and sound and suitable castings. 

I am thus particular in noting these, the only two failures of the new shot 
on record, because, apart from the perfect fulfilment of the prediction respect- 
ing them made a year previously, the accident itself is of a somewhat interest- 
ing character and of some value as a precedent. I wished, also, to explain how 
clearly I was justified in calling the record of the projectile an unblemished 
one, as it was no fault of the principle of the shot that it failed upon the two 
occasions cited. Yet the very character of the two accidents, in a record of 
over three hundred rounds, serves admirably to illustrate one great virtue of the 
double-lipped ring; namely, it is practically a reinforce to the projectile, and 
one, too, of a very powerful kind. It is just possible that the 10-inch cast-iron 
rifle at Port Monroe may owe its salvation to the fact that these projectiles 
were thus clamped tightly, and, preserving their general integrity of form, were 
forced out of the gun as a whole ; but I fear that the gun is seriously injured. 

I am, nevertheless, of the opinion that 400 pounds is an excessive weight 
for a 10-inch projectile, though not as unreasonable as 700 pounds for a 12-inch ; 
and am satisfied that projectiles of the weight recommended in Table VIII. of 
my report may be impressed with velocities sufficient to enable them to 
equal in destructive power the heavier projectiles moving with less velocity ; 
this without incurring increased powder-pressure, and all with much less risk 
to the gun. For example, suppose 100 pounds of powder would impart to a 
projectile of 700 pounds a velocity of 1,250 feet under a pressure of 35,000 
pounds per square inch ; it would probably require an increase of at least one- 
tenth of the charge behind a projectile of 600 pounds to obtain the same pres- 
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sure. This would probably lead to an increase of velocity of at least 100 feet 
per second, and we should have the following comparison : 



Calibre { 


Weight 


Weight ' 


Pressure 


Velocity 


! Energy 


Penetration 




of 


of 


per 


per 






Gun. 


Charge. 


Project ilc. 


Square Inch. ' 


Second. 


Stored Work. 


Iron Plates. 


Indies. 


Pounds. 


Pounds. 


Pounds. 


Feet, 


Tons. 


Inches. 


1 2 


IOO 


/OO 


35.000 


1,250 


j 6,888 


13.OO 


I 2 


I lO 


60O 


35,000 


I050 


6,888 


13.OO 



If, therefore, the above relative pressures and velocities are correct (and 
experience would indicate that I am within the mark), we see that in the two 
cases cited the stored energy is precisely the same. The slight advantage in 
penetration which the heavier shot would obtain at long ranges would not, in 
my judgment, compensate for the superior accuracy,* flatness of trajectory, sind 
more direct impact of the lighter projectile, within ordinary ranges, apart from 
the fact that the hitter is less liable to failure than the heavy shot, and conse- 
quently less liable to injure the gun. It would, in my opinion, be far wiser, if 
a projectile of 700 pounds must be tired, to increase the calibre of a 12-inch rifle 
three-quarters of an inch — to that extent weakening the gun — than to fire from 
a 12-inch bore so heavy a shot ; simply because I deem 700 pounds a correct 
and safe weight to fire from a bore of 12.75 inches, and not so from a less 
calibre. 

Table XV. furnishes some actual and a few estimated velocities of projec- 
tiles of various weights, and I think that an examination of it will tend to con- 
linn the correctness of some of the views herein expressed. 

The logarithmic curve on Plate XXX. is constructed from a formula for 
the penetration of iron plates deduced by Captain W. K. King from practical 
experiment, and which experience lias proved to be nearly correct. In this 
curve the penetration in inches is the ordinate corresponding to an abscissa 
representing the number of foot-tons per inch of the shot's circumference 

deduced in the usual manner, namely, + (2 n R x 2210). The parabolic 

curve in dotted line is constructed from the empirical formula of Captain W. 
A. Xoble, II. A. These curves may be convenient for future reference ; probably 
the former may be regarded as correct for unbacked and the latter for well- 
backed armor- plates. 

By an inspection of the following table it will be seen that, notwithstanding 

* Mainly, perhaps, through greater uniformity in the action of the projectile, 
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the limited nature of our experiments aa recently resumed, Ave have already ob- 
tained from our cast-iron rifle of 23 tons results almost as formidable as have 
been obtained in England with the " 35-ton " gun of wrought iron and steel, and 
results surpassing those of the " 25-ton " English gun. This, too, with a powder- 
pressure probably averaging two-thirds that of the English. But there is no 



TABLE XT. 

Comparative Energy and Penetration in Iron Plates of Projectiles of variotis Weights ami Calibre. 



u. s. 


20-in. S. B. 


u. s. 


15-in. S. B. 


u. s. 


iS-in. Rifle. 


IT. S. 


14-in. Rifle. 


U. S. 


13-in. Rifle. 


LT. S. 


12-in. Rifle. 


U. S. 


12-in. Rifle. 


U. S. 


12-in. Rifle. 


Eng. 


12-in. Rifle. 


Eng. 
Eng. 


12-in. Rifle. 


12-in. Rifle. 


Eng. 


1 i-in. Rifle. 


u. s. 


11-in. Rifle. 


Eng. 


10-in. Rifle. 


u. s. 


10-in. Rifle. 


u. s. 


10-in. Rifle. 


u. s. 


10-in. Rifle. 


IT. S. 


10-in. Rifle. 


u. s. 


10-in. Rifle. 


u. s. 


10-in. Rifle. 


Eng. 


9-in. Rifle. 


Eng. 


8-in. Rifle. 


U. S. 


8-in. Rifle. 


u. s. 


8-in. Rifle. 


u. s. 


8-in. Rifle. 



22 



3 tons 
5 tons 
S tons 
3 tons 
3 tons. 
3 tons, 
5 tons. 



53 
45 

3« 

33 

23 

23 

35 

25 tons. 

25 tons. 

25 tons. 

25 tons. 

[8 tons. 

[8 tons, 

(8 tons, 

18 tons, 

[8 tons. 

18 tons 

[8 tons 
2 tons, 
9 tons, 
9 tons, 
9 tons. 
9 tons 



Pressure Velooity 

per I at 
Sq. Inch. Muzzle. 



1,080 

454 
1,180 
960 
770 
600 
600 
700 
700 
600 
600 
535 
460 
400 
400 
400 
400 
387 
33o 
35o 
250 
180 
170 



Lbs. 

20,000 
25,000 
26,000 
28,000 
30,000 
40,000 
37,ooo 
38,000 
70,000 
60,000 
50,000 

40,000 

35>°°o 
24,000 
33.ooo 
27,000 

33>ooo 

32,000 
30,000 
33>ooo 
38,000 



Feet. 

1,500 
1,600 
* I >33° 
^-35o 
'1,380 
"i,475 
1.375 
1,280 
1,300 
1,300 
1,215 
1,315 
1,520 
1,364 
I ,3 6 4 

!>372 

i,45i 
i,352 
1,420 
*i,5 2 o 
,420 
,413 
,481 
*i,45o 
* ,53o 



I 8 
hi 



Foot Tons. Ft. t's. Inches, 



16,845 
8,056 
14471 
'2,059 
10,165 
9,049 
7,863 

7,955 
8,200 
7,030 
6,131 
6,415 
7,367 
5,160 
5,i45 
5,212 
5,830 
4,904 
4,612 
5,606 

3,49 6 
2,492 
2,682 

2,587 
2,949 



16.50 
12.60 
18.00 
l6 -75 
15.80 
15.40 
14.10 
14-25 
14.50 
13-20 
12.20 
13.20 
J 4-3o 
12.30 
12.20 
12.30 
13.20 
11.80 
11.50 
12.90 
10.40 
9-i5 
9- 2 5 
9-4o 
10.00 



Proposed. 
Proposed. 
Proposed. 
Proposed. 
Hexagonal powder. 
Hexagonal powder. 
30 to 60 tons pres. 
Pressures variable. 
Pressures variable. 
Pressures variable. 



Pressures variable. 
Hexagonal powder. 
Perforated cake. 
Perforated cake. 
Hexagonal powder. 
Hexagonal powder. 
Proposed. 
Pebble powder. 

'ebbie powder. 

lexa; onal powder. 

lexaj onal powder. 



*The velocities marked thus * have been estimated, and it is thought that they may readily be 
obtained without a wide departure from the pressures set opposite them. All the other velocities have 
been obtained in practice. [See experiments at Fort Monroe, "English Text-Book on the Construction 
of Ordnance," and other sources.] The English continue to make improvements in their powder, but a 
vicious system of rifling prevents the attainment of high velocities, except at the sacrifice of an over-taxed 
gun, or, at best, of a scored and injured bore. 

It is probable that the effect of the heavier projectiles upon iron targets would be greater than is 
here represented, as the racking effect of a tremendous blow would tend, in a degree, to assist pene- 
tration. 
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doubt that our only 12-ineli rifle is entirely too light for such work. Examining 
our 8-ineh and 10-inch records, it will be seen that we are considerably in ad- 
vance of England, and (as far as known) of other countries also. Our experi- 
ments have been limited, it is true, but I see no reason why results which have 
been obtained a dozen times may not be indefinitely repeated. 

Krupp has one or two 12-inch rifles, and claims for them a velocity of 1,500 
feet with projectiles of 0()4 lbs. and charges of 111 lbs. prismatic powder.* It is 
possible that the same charge of this kind of powder, if fired from one of our 
guns, would impart to a projectile of equal weight even greater velocity. To 
compete with this result, however, I would prefer a gun of 13-inch calibre, 
firing suitable weights of shot and powder ; two of which on the English plan, 
or four on the Hodman system, could be produced for the cost of a single 
Krupp gun of 12-inch calibre. 

Plate XXXI. shows the appearance of the new 12-inch projectile of 700 
pounds as it comes from the gun. The perfect impression of the rifling upon the 
upper lip is scarcely exaggerated in the drawing. 

Let us now examine how far the new projectile has fulfilled the numerous 
conditions imposed in the early part of my report of 1872 : 

1. Superior Accuracy. — It leaves little to be desired in this respect. 

2. Perfect Rotation, or " taking the grooves." — It is absolutely infallible in 
this respect. 

3. /Steadiness of fight. — Without a single exception, every flight has been 
smooth and perfect. 

4. Absolute non-liability of the projectile to jam in the bore in loading or firing . 
— Absolute immunity from this objection has been secured. 

5. Non-liability to strip, either in the gun or during flight. — This has never 
been known to occur, although many of the tests have been severe. Indeed, 
stripping would seem almost impossible with this projectile. 

6. Must not injure the gun by breaking nor wedging. — I believe that, weight 
for weight of the same metal, this projectile is the strongest known. 

7. Entire absence of balloting. — There has never occurred any evidence of 
balloting by so much as the slightest unsteadiness of flight. 

* In calculating, however, the stored energy of this projectile and its penetration in iron plates, we 
must (as Captain Von Doppelmair suggests), 1st, deduct from the total weight of the projectile the weight 
of the leaden jacket — in this case about sixty pounds — and, 2d, bear also in mind that " as the hole made 
by the shot in passing through the plate is only about as wide as the diameter of the shot, the lead jacket 
and bottom ring, which arc of greater diameter, must naturally impede the projectile in piercing the plate. 
The correctness of the view set forth is confirmed by the partial disruption of the bottom ring, and the 
entire change and considerable heating of the lead-jacket on the passage of the shot through the plate." 
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8. Maximum capacity for bursting charge. — This condition is, of course, per- 
fectly answered. 

9. Uniform and moderate 2)ressures. — The projectile having been used in ex- 
perimenting with powder, heavy charges of various kinds have been employed, 
yet no pressure has ever been recorded so high that it could not be clearly attri- 
butable to the powder itself, or to sonic influence or circumstance apart from the 
projectile. Even in the case of the broken 10-inch shot previously referred to, 
the powder-pressures did not exceed 40,000 lbs. per square inch. No "anoma- 
lous " or unexplainable pressures have ever been obtained. 

10. Uniform and high velocities. — The uniformity of velocities for equal 
charges of the same powder has been noticeable. While with equal weight of shot 
and the same powder there is scarcely a doubt that the expansive system yields 
the highest attainable velocities, the shot in question maintains a maximum or 
high rate in its own class. 

11. Uniform and good ranges. — With uniform velocities the ranges will of 
course be uniform ; with high velocities the ranges will be great ; while the 
smoothness of the exterior of the shot gives the least possible atmospheric resist- 
ance. The record of the new projectile will show remarkable uniformity of 
ranges, even with indifferent powder. 

12. Absolutely safe to fire over the heads of our own troops — a contingency 
constantly arising in both land and sca-service. — Shells may break from defects in 
the iron itself ; they may burst prematurely by reason of a defective fuze ; but 
fragments of shot, sabot, or studs should never leave the main body of the pro- 
jectile from any defect in principle, weakness of construction, or absolute mis- 
conduct on the part of the projectile itself. A single stripping shot is more 
" demoralizing " when fired over the heads of our own troops than a hun- 
dred projectiles from the enemy; and scores of officers who served during the 
Eebellion will bear out this statement. I venture the assertion that there is 
less liability of the new projectile stripping or breaking than obtains in any 
other sabot, stud, or breech-loading projectile known. 

13. So strong and safe in principle as to allow a wide margin for all errors 
of manufacture, and even inferiority of materials. — I repeat that I consider this 
projectile one of the strongest known ; it is certainly stronger than the English 
shot; — weakened as the latter is by stud-holes — or than the grooved shot, for the 
same reason ; it is clearly stronger than the ordinary hard-ring or cup expansive 
projectiles, for reasons previously discussed at length ; while it is probably some- 
what stronger than the flanged or lead -coated projectile, because it is in a manner 
reinforced. 
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11. Noil liability to injury in xtore, handling, or transportation — The projec- 
tile under consideration does not require to be packed in shavings like the lead- 
coated, nor even handled as carefully as the stud projectile. Rifle projectiles 
art; not usually handled roughly, but, on the contrary, with some care. The 
double-lipped ring, however, may be very badly bruised without in the slightest 
degree impairing its efficiency. 

15. Not too expensive . — Deservedly a last consideration ; for better a good 
shot, though an expensive one, than a poor one at half the cost. The new pro- 
jectiles are not expensive, and with proper facilities they could be furnished at 
a reasonable cost and as cheaply as the English or Prussian projectile could be 
produced in this country with all necessary facilities for their manufacture. 
The South Boston Iron Company estimated for a large number of 300-pounder 
lead-sabot projectiles, and afterwards furnished to the Argentine Republic the 
double-lipped brass-sabot projectile instead, and without change of estimate.* 
The experimental projectiles, occasionally made in small quantities by Colonel 
Baylor, cost about ten cents per pound. 

1(5. Preservation of the bore. — I should mention also — as a most important 
desideratum in any system of rifling and projectiles — the preservation of the 
bore in as perfect a condition as possible, by reducing the " scoring " action of 
the gas and the friction of the projectile to a minimum. From a careful con- 
sideration of all the circumstances bearing on this point, and an examination of 
the bores of guns from which these projectiles have been fired, I am convinced 
that the proposed system will be found to fulfil very perfectly this important 
condition. 

I have also the satisfaction to state that the breech-loading projectile pro- 
posed by me in 1871, and illustrated on Plate XV., is behaving admirably in 
the Moffatt experimental field-gun. Pew have as yet been fired, but they promise 
great accuracy, and possess superior capacity as field projectiles. 

In conclusion, I consider that the perfect success of our new projectile, 
even with what is not deemed the most advantageous forms of rifling, adds 
force to the brief argument previously advanced in favor of fairly testing the 
merits of cast iron for heavy rifles by the construction of one of 13-inch or even 

* " The Butler sabots, secured by dovetailing and leading, gave most satisfactory results, even under 
the enormously high pressures involved. There was no stripping, slipping, or breaking. In every case 
the sabot took the grooves with mathematical precision. With the ' double-lipped' sabot, the expanding 
system seems to have reached its ultimate limit of efficiency." — Report of Captain Michaelis to the 
Chief of Ordnance, October 1st, 1873, on the inspection and proof of 10-inch Hodman rifles, manu- 
factured by the South Boston Iron Company for the Argen'inc Republic, 8. A. 
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larger calibre and proper weight. .Fired with a previously-determined xtamlard 
charge of improved powder, and served with a projectile which may always be 
relied upon to behave uniformly and well, I would be much surprised if such 
a gun did not endure at least 500 rounds; and if two such guns could be 
constructed, one in the usual manner and the other with the core-barrel 
running entirely through the gun — afterwards closing the rear with a heavy 
V-thread breech-screw — great interest would be added to the experiment, and it 
can scarcely be doubted that valuable information would be obtained. 

This method of casting the breech hollow, was proposed by Colonel Crispin 
last winter when arranging the details for the casting of the 9-inch Sutcliffe ex- 
perimental breech-loading rifle, and was practically carried out in that gun. 

On briefly reviewing some of the considerations involved, it will, I think, bo 
acknowledged that there is a strong probability that, slight as it is, it may prove 
to be an important modification of the Rodman process. Referring to Fig. I., 
Plate XXXII., which represents a Rodman gun, it will be seen that the theories 
of the inventor relating to interior cooling and initial tension are practically car- 
ried out throughout the entire length of the bore ; but that from the bottom of the 
bore to the base of the breech the circumstances of cooling and shrinkage are 
practically reversed, and that all the faults of a solid casting here obtain; and this, 
too, at the heaviest part of the gun. The consequence is that not only is the 
breech of the gun liable to be unsound at the centre, but there must be some neu- 
tral lines, more or less well defined, such as O N, along which the strains of 
shrinkage (of the solid and the hollow portions of the gun), diametrically oppo- 
site as they are, must intersect, constituting thereby planes of weakness — which, 
by the way, must nearly coincide with those produced by the intersection of the 
different systems of crystals whose principal faces are always found arranged in 
a position normal to the cooling surface. 

Without attempting a rigid analysis of these conflicting strains, it may be 
Avell to illustrate them crudely as we know them necessarily to exist : 

1. Treating of the hollow part of the casting, and considering it as made up 
of a number of concentric cylinders of little thickness. That cylinder or layer 
of metal next the bore is first cooled, and acquires a " set " ; next, the succeeding 
layer is cooled, and in cooling shrinks and binds upon the first, and so on 
throughout the mass, the exterior of which is restrained as much as possible from 
too rapid cooling. 

2. Consider now the breech or solid part of the gun. With the exception of 
a small portion in immediate contact with the end of the core-barrel, the exterior 
of the mass cools first, is greatly strained by shrinking upon the fluid and ex- 
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pandcd metal of the interior, and finally acquires a set ; after which the inner 
layers in cooling shrink away from the more yielding portion of the mass (the 
fluid or semi-fluid interior), and hence there will obtain a mass of porous or open 
metal running through the hreech in prolongation of the axis of the bore. 

To this fact may be ascribed, I think, the frequent cracking at the bottom 
of the bore and vent, sometimes appearing early in the life of a gun, and which 
may ultimately lead to its destruction. 

But the evil does not stop here. Suppose a ring, a-b-c-d, to be cut from 
the hollow portion of the breech, and another ring, c-f-g-li, from the 
solid portion ; it will be found that the first ring cannot be cut through 
on one side before it springs open, rupturing a certain amount of metal 
in the effort, thus revealing an initial tension (in the direction of the 
arrows), which in a 15-inch gun or 12-ineh rifle should bo at least one- 
half the absolute strength of the metal, or say 15,000 lbs. per square inch 
on the exterior. On the other hand, if the solid disk, c-f-(j-h, be first convert- 
ed into a ring .by boring, and be then cut through, it will probably be found to 
absolutely close up, to a limited extent (see arrows); and although we have never 
measured this force, the simple fact of its existence is all that is required for an 
argument ; and the spectacle is presented of two enormous masses of metal, 
either contiguous or separated by very narrow neutral limits, the one nuns 
strained powerfully in one direction, the other in an opposite direction; and 
occurring, as this does, at the very critical point of the termination of the bore 
(the point of operation of a severe transverse strain), it cannot but be very inju- 
rious in its effects. 

It is the object of the proposed plan to avoid these conflicting strains ; and 
this, it is thought, may be accomplished by allowing the core-barrel to pass en- 
tirely through the body of the gun, allowing a projecting mass of metal from the 
breech sufficient only for the accommodation of the core-barrel, and thick enough 
to furnish a bottom for the bore in cooling by water. 

It is believed, however, that the improvement will not end here. As the 
bore will now extend throughout the entire length of the gun, the breech end 
must be closed; and by inserting a wrought-irou or steel breech-screw with a V 
or double V thread, and provided with a gas-cheek to cover the joint, a means 
will be furnished for a judicious distribution of the strains of discharge. In t he 
case of the solid breech, for example, it is clear that there is no other than a lon- 
gitudinal strain brought to bear upon it (if we except a compressive strain in pro- 
longation of the bore, and a transverse strain along the line O N), and unfortu- 
nately both the longitudinal and transverse strains are operating more or less 
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directly through the lines of weakness previously described. Now, in the ease 
of the hollow breech, supposing it to be closed by a V- thread breech-screw, as in 
Pig. II., Plate XXXII., the pressure of powder-gases upon the bottom of the 
bore (say 4,000,000 lbs.), instead of constituting altogether a longitudinal strain, 
is resolved into two components — by the medium of the inclined faces of the 
breech -screw — one of which remains longitudinal, while the other becomes tan- 
gential, which latter is just such a strain as the breech is well calculated to 
withstand ; and by acting thus entirely in sympathy with the hollow portion of 
the gun, the transverse strain along O N is also reduced. 

Experiments are about being set on foot having in view the practical eluci- 
dation of some of these important points, but, whatever the result of these experi- 
ments, I earnestly renew my recommendation that efforts be made to procure as 
speedily as possible a cast-iron rifle of large calibre constructed on the Rodman 
principle, believing that we now possess the means — through an unobjectionable 
system of projectiles and rifling and a good quality of powder — of subjecting such 
a gun to a fair trial, and that thus for the first time we shall be able to obtain a 
fair and crucial test of the merits of cast-iron for heavy rifled ordnance. 
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EXPERIMENTS AT SANDY HOOK, N. Y. H., WITH AN 8-INCH RIFLE CONVERTED, 
ON THE PALLISER PLAN, FROM A 10-INCH RODMAN SMOOTH-BORE 
GUN. — PRELIMINARY EXPERIMENTS DURING 1874. 



An unavoidable delay in the publication of the foregoing" report enables me 
to add brief mention of experiments with our expansive projectiles during the 
past few months, and of the satisfactory proof of an 8-inch rifle in which these 
projectiles were used. 

The Ordnance Board of 1872 recommended that a number of experimental 
rifles of large calibre, both breech and muzzle loading, be procured and tested. 
Among these may be mentioned the following : 

1. The Woodbridgc muzzle-loading rifle, consisting of a steel tube wrapped 
with steel wire, trapezoidal in cross-section, and cemented or "brazed" in a 
bronze bath. The necessary " plant " for the construction of a 12-ineh gun of this 
character has been completed, and it is expected that a 9-ineh rifle will soon be 
in progress. The contemplated weight of the 12-inch gun is about 70,000 
pounds. 

2. The 12-ineh Hitchcock muzzle-loading rifle, which is intended to be built 
up of wrought-iron disks, hollow, bevelled, and Avoided together. . Preparations 
in progress. Contemplated weight, 70,000 pounds. 

3. The 12-inch Thompson breech-loading rifle, having a cast-iron body, thin 
steel tube, and a rolling breech-block impinging against a cam. This gun will 
be finished in a few weeks, and will weigh about 80,000 pounds. 

4. The 0-inch Sutcliffe breech-loading rifle, consisting of a cast-iron body, 
thick steel tube, steel breech-screw and eccentrically-pivoted breech-block. 
This gun is completed and is now undergoing trial. Its weight is 45,000 
pounds, and it has been constructed with a view to increasing its calibre up to 
10 inches, if deemed desirable. 

5. Eour muzzle-loading rifles, to be constructed from 10-iueh Rodman 
smooth-bore guns, by the insertion of wrought-iron and steel tubes, on various 
accepted plans. Of these four guns, one 8-inch wrought-iron lined gun has been 
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finished and proved; one (Much gun, of similar construction, is finished and 
awaiting proof; and an 8-inch steel-lined gun has just been completed. The 
remaining gun will be steel-lined and of 0-inch calibre. 

Pending the construction of these guns — in order that no unnecessary delay 
should be incurred — it was deemed important to settle upon the character of the 
powder to be used in their proof, and a series of experiments was accordingly 
instituted having in view the attainment of this end. Some years previously the 
Ordnance Department had lixed upon a standard of Mammoth powder, which 
was considered at the time to give satisfactory results ; but the attention of 
Colonel Benyt (now Chief of Ordnance) having been called to powder of regular 
polyhedral granulation, he was led to believe that the regularity of the grain 
(necessarily resulting in great uniformity of gravimetric density in the cart- 
ridges) would lead to uniformity of ignition, inflammation, and combustion, and 
that therefore improved results would probably mark the introduction of such a 
powder for use in our large guns. In the meantime, some extraordinary results 
had been obtained with perforated cake-powder, but its manufacture was 
attended with much difficulty and expense. It was generally considered that 
perforated hexagonal prisms would be the most practical form in which to use 
such powders. For the manufacture of this, however, no facilities were then at 
hand.* The introduction of powder of " hexagonal " granulation facilitated the 
solution of the problem, and the results obtained were considered so satisfactory 
as to lead to its adoption for the experimental rifles, and, in fact, for all our guns 
of largo calibre. 

These experiments with powder were conducted in the 15-inch smooth-bore 
gun, and in the 12-inch, 10-inch, and 8-ineh rifles, and the result has been tin; 
selection of a powder which is considered well adapted to the 15-inch smooth- 
bore gun and to rifles of 8-inch, 9-inch, and 10-inch calibre. It is considered 
probable that rifles above a calibre of ten inches should employ a somewhat 
denser powder ; so that before the proof of the experimental 12-inch rifles is 
commenced further tests of powder will probably be made. Many of the results 
of these experiments I have already given, but during the past few months some 
additional firing has occurred at Fort Monroe, chiefly with the 8-inch rifle. For 
the test of these experimental powders the new projectile has been exclusively 
employed ; behaving (according to the reports of Colonel Baylor) w ith infallible 
uniformity, and giving entire satisfaction. The limited financial resources of 
the Department have restricted all these experiments to very narrow limits, and 

* The Ordnance Department has now a press in operation, and is manufacturing a supply of per- 
.br.itcd prismatic powder for experimental purposes. 
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no more firing has been done than was deemed absolutely necessary. It proved 
fortunate, indeed, that the experiments with powder were so quickly and satis- 
factorily settled, and that experiments with projectiles were not called for at all. 
It is worthy of remark that, since the first preliminary experiments with the 
3-inch field gun, little opportunity has been afforded for experimenting with 
these projectiles, except such as was indirectly provided through these tests of 
powder. Changes of form, dimensions, and material were therefore made cau- 
tiously ; and while some improvement has undoubtedly been effected, yet, from 
first to last, the projectiles have given never-failing satisfaction, and it is difficult 
to conceive wherein a greater degree of perfection is now to be attained. Experi- 
ments with the 8-inch rifle at Eort Monroe show that with charges of 35 pounds 
of Hexagonal powder, and projectiles of 170 pounds, an average muzzle velocity 
of 1,470 feet per second may be counted upon, and that with projectiles of 190 
pounds and the same charge we may expect an average velocity of 1,420 feet. 

The following are the results of two series of experiments with our new 
powder and projectiles : 

TABLE XVI. 

K> tracts from lleports of Experimented Finny with different Lots of Hexagonal Powder from an 
S-i/ich Rife at Fort Monroe. 
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A marked degree of uniformity has characterized the trial of each particu- 
lar lot of powder, and the pressures and velocities have generally borne a proper 
correlation, the inconsistencies being so trifling as to be fairly considered acci- 
dental. Having determined by these tests the quality of each lot of powder, the 
manufacturer was apprised of the result, and requested to duplicate the particu- 
lar lot selected. It was found that this powder could be more easily and exactly 
duplicated by the manufacturer than could the old style of mammoth granula- 
tion. In this manner, a satisfactory grade of powder having been determined 
upon, a quantity was procured for the proof of the experimental guns. The 
first few hundred barrels, manufactured in lots of fifty barrels each, have now 
been tested in the 8-inch converted rifle at Sandy Hook; and while all the 
powder must be regarded as good, and most of the lots are up to the standard, in 
two or three instances they fall a little short, so that out of the first thousand 
barrels there may be said to be about three grades of powder, with a difference in 
initial velocity between each grade of about 20 feet, or say 1,410, 1,430, and 1,450 
feet for projectiles of 171 lbs. * It should be remarked that these velocities were 
obtained from a gun having a length of bore of only 14^ calibres, so that, when 
the gun was charged with 35 pounds of powder, the projectile had but five times 
its own length in front of the cartridge in which to accumulate velocity. 

I have already alluded to the use of the projectile on Plate XV. in the 
Moffatt breech-loading field-gun, from which about one hundred and fifty 
rounds have now been fired, preliminary to its final test at Fort Monroe. This 
gun is rifled with the same number, width, and depth of grooves as the Krupp 
gun of similar calibre ; the chamber is also the same, and, being adapted to the 
lead-coated shot, the front bearing band (S, 8, Fig. I., Plate XV.) had to be 
shifted back so that the projectile would occupy no more than the proper space 
in the chamber. About one hundred of these projectiles have been fired, prov- 
ing so superior to the lead-coated shot that Mr. Moffatt has decided to supply 
them for future use in this gun, discarding the lead-coated projectile altogether. 

It was on account of this success that the system illustrated in Fig. II., 
Plate XIX., was adopted for a small experimental Sutcliffe breech-loader of 3.15- 
inch calibre. About one hundred of the projectiles shown in Fig. II. have been 
fired with such unvarying accuracy and good effect that the same system has 
been adopted by Mr. Moffatt for other experimental guns of his pattern now in 
progress. 

The 12-inch Thompson breech-loading rifle will have the double chamber 
(Fig. II., Plate XVIII.), using a 600-lb. projectile, like that shown in Fig. I., 

* I except one lot, which fell a little short of 1,400 feet when fired during very clamp weather. 
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Plate XIX., or on Plate XV. The bore, however, will he rifled with but seven 
grooves, the lands, or spaces between any two grooves, being wide enough to 
admit of two additional grooves being subsequently cut, thus making twenty-one 
in all. The experimental use of seven grooves is the suggestion of Mr. G. Leve- 
rich, Mr. Thompson's consulting engineer, who wishes, 1 believe, to make some 
practical experiments respecting the power required to rotate the projectiles by 
firing a few rounds before cutting the balance of the grooves. When all the 
grooves are cut, the rifling will resemble that given in Table X., except that 
there will be twenty-one grooves instead of twenty-five, and the pitch will be 
uniform instead of accelerating. This proposed preliminary experiment would, 
in my judgment, be more satisfactory; if the short-ehambered system were 
employed, so that the front bearing band on the projectile could be dispensed 
with. With the short chamber and a moderately accelerating pitch, seven 
grooves might prove sufficient to rotate the shot, although in any event I con- 
sider that a more liberal gas-escape would prove advantageous, and lessen the 
chance of wedging or binding if a front bearing band of lead be used. 

The 9-inch Sutcliffe breech-loading gun is rifled and shotted in exact imita- 
tion of the Krupp guns of similar calibre. A few of Gruson's chilled shells, 
such as Krupp uses, have been procured, and some projectiles have been made 
here in good imitation of the Krupp. As yet but a dozen rounds have been 
fired, but I question if the practice will prove equal to that of the expansive 
system ; and Krupp having found " leading" of the rifling to bo an irremediable 
evil when employing load-coated projectiles, we shall doubtless find the same 
difficulty here. After two or three rounds from this gun, thin shavings of lead 
can be scraped off the bore with a knife. Apart from the merits of the breech 
mechanism, which remains to bo tested, I venture to express the conviction, 
strengthened by observation during the past two years, that when this gun is 
bored up to a calibre of 10 inches, as is contemplated, if it be rifled on the plan 
given in either Table 111. or X., and chambered and shotted according to either 
of the plans on Plate XIX., the resulting practice will prove in every respect 
superior to that of the lead-coated system. 

The 8-inch rifle which has recently been tested at Sandy Hook is " eon- 
verted" from a 10-inch Rodman gun, on the plan of Major Palliser, by the in- 
sertion of a coiled and reinforced wrought-iron tube held in position by a muzzle- 
collar. As will be seen by the report of the Ordnance Board, herewith 
appended, the proof of this gun is considered eminently satisfactory, and is no 
less a vindication of the excellence of our improved system of projectiles and 
rifling than of the merits of the gun itself. 
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The lining of east-iron guns with rifled tubes of other material is chiefly 
valuable, in my opinion, as a system of conversion per se which affords us the 
only practicable means of utilizing our otherwise comparatively worthless smooth- 
bores; and although in some eases strength may be added, yet the mere gain in 
strength over a simple cast-iron gun of equal weight and calibre would not, in 
my opinion, justify the expenditure .* The action of our projectiles has proved 
so easy upon the soft wrought-iron bore that it is probable we could successfully 
convert our 10-inch guns by simply introducing, without reboring the gun, a tube 
of bronze one inch in thickness (say phosphoric bronze, since hardness would be 
in this case a more essential quality than strength). With a bronze tube the 
chances of success would be increased by rifling it according to the plan recom- 
mended in Table III. of my report, whereby the work of rotation would be dis- 
tributed to good advantage throughout the bore.f Holland had but partial suc- 
cess in this direction, not from the want of strength in the guns, but from the 
mashing and scoring of the tubes, resulting from the use of the studded projectile 
— the same cause which limits the serviceability of the English converted guns to 
one hundred and eighty rounds, although firing less than half the weight of shot 
and less than one-third the powder employed in the 8-ineh rifle at Sandy Hook, 
where the use of the double-lipped expansive projectile, as at Fort Monroe, has 
given unqualified satisfaction, and contributed very materially to the success of 
the experiment. 

The subjoined official report of this trial I will preface with the following 
brief summary : 

The gun to be proven was originally a 10-inch Eodman smooth-bore, manu- 
factured at the South Boston foundry in 1866, and inspected and proved by my- 
self; density of the metal, 7.2722; tenacity, 32,369 pounds per square inch ; ini- 
tial tension, 12,000 pounds ; and was converted on the plan of Major Palliser. 
The tube was manufactured and finished by Sir William Armstrong, and was 

* The wrought-iron tube has the merit of lessening the chances of an explosive burst. The" steel tube, 
it of good and homogeneous metal, undoubtedly adds strength to the structure ; but for such tubes we 
should have to rely upon foreign manufacturers. A wrought-iron tube, reinforced, as far as the position 
of the trunnions, with a light steel jacket, inserted from the muzzle and held in position by a small screw 
passing through the breech, or inserted from the rear, having a shoulder, and secured by a large breech- 
screw, would, I believe, constitute the best available system for the same amount of money, and one within 
the manufacturing resources of our own country. 

f Thus, our old bronze might be utilized, as well as our old guns, and an end put to the pious fraud 
of citizens who petition Congress for old guns wherewith to erect monuments to the memory of our de- 
parted heroes, but who afterwards find it convenient to sell the gift for what it will bring as scrap in the 
market, and with the proceeds ornament their town squares and cemeteries with cenotaphs of stone. 
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inserted and rifled at the West Point foundry, N". Y. The " play " of the tube 
in the cast-iron body of the gun was something over one-hundredth of an inch ; 
thickness of the tube, 2.75 inches. 

When thus altered, the gun, which had been previously without preponder- 
ance, was heavy at the muzzle, the counter-preponderance at the face of the 
breech being 450 pounds. This was controlled by temporary expedients. In all 
future guns of this class this difficulty will probably be remedied by reducing the 
trunnions from 10 inches, their present diameter, to 8 inches ; removing the 
metal eccentrically, so as to bring forward the axis of the trunnions one inch ; 
then restoring the diameter to 10 inches by applying eccentric wrought-iron rings, 
so that the axis of the trunnions is again advanced until it passes through the 
centre of gravity of the gun. Thus, the trunnion beds of the carriage will require 
no alteration. 

The gun was mounted upon a temporary wooden platform, and five rounds 
were fired, with charges of 20 pounds to 25 pounds of powder, and projectiles of 
100 pounds to 173 pounds. This proved insufficient to set out the tube, and the 
bore showed no change. 

Seven additional rounds were fired with battering charges of 35 pounds of 
powder and projectiles of 173 pounds, after which the tube was found to have 
been set out against the cast-iron walls, and something over, the greatest diame- 
ter of the bore being 8.007 inches at the seat of the charge and at the position of 
maximum pressure. 

After thirty-eight additional rounds, thirty of which were with projectiles 
of 180 lbs., the greatest enlargement was found to be 0.002 inch at the seat of 
the charge, and 0.003 inch at the seat of the projectile, where the tube was not 
yet fully set out. 

Eourteen rounds were next fired with an experimental projectile of the 
wedging class, weighing 105 lbs., the use of which, as it gave dissatisfaction, was 
discontinued. The greatest enlargement during these fourteen rounds was found 
to be 0.007 inch about the base of projectile and at the position of maximum 
pressure. 

Fifty additional rounds were then fired with the usual battering charge of 
35 lbs. and projectiles of 174 lbs., and the additional enlargement was 0.001 inch, 
at a position 36 to 40 inches from the bottom of the bore, where the tube was 
not yet set out, its interior diameter at this point being 7.997 inches. 

Sixty-three rounds were now fired, fifty with projectiles of 187 lbs., giving 
no additional enlargement at the seat of the charge or projectile, but sotting 
out the tube about 0.002 inch, a little beyond the axis of the trunnions. 
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One hundred additional rounds with projectiles of 171 lbs. showed a further 
enlargement of 0.002 inch at the seat of maximum pressure, about 21 inches from 
bottom of bore. 

One hundred additional rounds, with the same charges and projectiles, pro- 
duced a further enlargement of 0.003 inch at the position of maximum pres- 
sure. 

Another series of one hundred rounds caused an additional enlargement of 
0.004 inch at the position of maximum pressure. 

A further record of forty-seven rounds completed a grand total of live 
hundred and thirteen rounds, with a maximum enlargement of only 0.018 inch, 
estimated from the twelfth round ; or, deducting the enlargement due to the use 
of fourteen wedging projectiles, the total enlargement due to four hundred and 
eighty-four battering charges may be set down at 0.011 inch. 

The entire record of five hundred and thirteen rounds was apparently insuf- 
ficient to "set out" the tube (2.75 inches thick) much in advance of the trun- 
nions, and so slight was the wear of the projectiles in the bore that, except at 
the position of heavy pressures, the bore shows no appreciable enlargement, 
while the edges of the grooves remain sharp and well defined throughout. 

Before the completion of the record, a number of shots were fired for range, 
accuracy, etc., and every flight was smooth and perfect beyond criticism. The 
range at twenty degrees elevation was not ascertained ; but the accuracy at a 
mile was considered highly satisfactory, especially in view of imperfect facilities 
for laying the gun, muzzle preponderance, unstable platform, etc. 

A novel and economical feature in the proof of this gun, was the introduc- 
tion upon the ground of the necessary facilities for firing the same shot two or 
more times, as might be required. This was effected by attaching the sabots by 
a screw-thread (see plates) to the base of the projectile, and procuring a supply 
of spare sabots. Upon recovering a projectile from the butt, it could at any time 
be placed in a clamp, a wrench applied, the old sabot removed and a new one 
screwed on ; then cleaning and lacquering the shot, to keep it from rusting in the 
sea-air, it was as good as new. 

This firing completes a record of over one thousand rounds with the double- 
lipped expansive projectile — an ordeal far more severe than any mere service re- 
cord of like extent. The firing embraces several series of experiments with 
powder, and in many instances excessive weights of shot have been employed. 
Yet Ave may fairly consider the record as without a blemish, and as showing for 
our system of projectiles and rifling a degree of perfection never before attained 
in the history of rifled cannon. 
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REPORT OF THE BOARD ON EXPERIMENTAL RIFLED GUNS. 



8-INCH BIFLE NO. 1. 

report of the trial of an 8-inch rifle converted from a 10-inch cast-iron 
smooth-bore rodman gun by lining with a coiled wrought- 
iron tube inserted from the muzzle. 

Ordnance Office, War Department, > 
Washington, October 9, 1874. I 
Sir : I have the honor to recommend that a Board of Ordnance Officers he 
convened in the city of New York on the 21st of October, instant, or as soon 
thereafter as practicable, for the consideration of such ordnance subjects, and the 
trial of such of the experimental guns prepared under the " act of June 6, 1872," 
as may be submitted to it by the Chief of Ordnance, to whom its reports shall be 
made. 

The following-named officers are respectfully recommended for detail : 

Major /S. Crispin, Ordnance Department. 

Major T. J. Trcadwell, Ordnance Department. 

Major T. G. Baylor, Ordnance Department. 

Captain Geo. W. McKcc, Ordnance Department, as Recorder. 
Very respectfully, your obedient servant, 

S. V. Benet, 
Brigadier- General, Chief of Ordnance. 

The Hon. The Secretary of War. 



Special Orders | War Department, Adjutant-General's Office, 

No. 221. [ Washington, October 10, 1874. 

ct.) 



C\ A Board, to consist of 

Major S. Crispin, Ordnance Department, 

Major T. J. Treadwett, Ordnance Department, 

Major T. O. Baylor, Ordnance Department, 
and Captain Geo. W. McKee, Ordnance Department, as Recorder, is appointed to meet in New York 
City, N. Y., on the 21st day of October, 1874, or as soon thereafter as practicable, for the considera- 
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tion of such ordnance subjects, and the trial of such of the experimental guns prepared under the 
"act of June 6, 1872," as may be submitted to it by the Chief of Ordnance, to whom its reports will 
be made. 

By order of the Secretary of War : 

E. D. Townsend, 
Adjutant General. 



TJ. S. Ordnance Agency and Neav York Arsenal, > 
New York City, January 9, 1875. ) 
General : I have the honor to transmit herewith the report of the Board 
on Experimental Guns, etc., of the trial of tho 8-inch converted rifle Ko. 1, 
accompanied by the recommendations of the Board. 

Very respectfully, your obedient servant, 

S. Crispin, 
Brevet- Colonel TJ. 8. A., Major of Ordnance, 

President of the Board. 

Brigadier-General S. V. Benet, 

Chief of Ordnance, TJ. 8. A., Washington, D. C. 

The Board on Heavy Rifled Ordnance, instituted by the War Department 
under the act of Congress of June 6, 1872, for the selection of breech-loading and 
muzzle-loading rifled ordnance for experiments and tests, recommended, among 
other experiments, as follows : 

That in order to test the system of gun-conversions by lining Avith wrought-iron or steel tubes 
(as brought to the notice of the Board in a communication addressed to the Chief of Ordnance by 
Major S. Crispin, and referred to the Board by the Ordnance Department), four 10-inch smooth-bore 
Rodman guns be converted to muzzle-loading rifles, using two calibres ; two of the guns to have a 
calibre of not less than 8 inches, and two to have a calibre of not more than 9 inches. And, further, 
that two of the guns be converted by tubing from the rear, and two by tubing from the front ; the 
character of the metal lining, whether of steel or wrought iron, and the other details of conversion, to 
be determined by the War Department. 

The principal considerations which induced the Board to recommend these 
tests are found, it is believed, in the following extracts from a communication 
addressed by Major S. Crispin to the Chief of Ordnance, under date of June 12, 
1872: 

In recent interviews with some of the members of the permanent Board of Engineers of the 
United States Army, my attention has been forcibly called to the subject of the utilization of our 
existing granite casemate sea-coast defences by the replacement of their present smooth-bore arma- 
ment by the introduction of rifled guns of the highest power which these works, from their capacity, 
will admit of being applied, and which armament will also be of adequate power for many other posi- 
tions not needing our heavier calibres of 10-inch and 12-inch rifles. The enormous cost of these 
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works, and the necessity of their utilization by the introduction of an armament not too bulky for 
their construction— effective against iron-elads, as at present constructed — to replace their present low 
power, 8-inch and 10-inch smooth-bores and others, and motives of economy, should lead, in my judg- 
ment, to experiments with a view of determining if conversion (already successfully inaugurated in 
the English service) of our cast-iron smooth-bores to rifles of greatly increased power cannot he satis- 
factorily made in our service, thus utilizing both guns and casemates. 

The recommendations of the Armament Board of 1867, restricting our calibres to 10-inch and 12- 
inch for rifles, provide only for works of a capacity for their introduction ; but as rifled ordnance, at 
least as low as 8 inches, can be effectually used against iron-clads, this question of utilization of exist- 
ing works inadequate, for our standard calibres receives additional importance. Considering that 
General Rodman, in his plans for heavy ordnance, contemplated an excess of strength for practical 
use, and knowing that England has already converted over five hundred 71-cwt. smooth-bores, and 
has one hundred more now under way at Elswick (primd facie evidence of success), it would seem 
that we would be warranted in undertaking the experiment of the conversion of a 10-inch smooth-bore 
Rodman gun into a rifle of a calibre of either, say, 8-inch or 8M-ineh, the exact calibre to be deter- 
mined by a thorough examination and consideration of data, and the formation of a mature judgment 
as to what should be the maximum bore consistent with a safe and durable converted gun. 

The general principles of conversion proposed — the lining of the bore with a tube — it will be 
remembered, was recommended for 10-inch and 12-inch experimental rifles by the Ordnance Board of 
1808. 

This experiment, preliminary to those proposed by the Board of 1868, to line a 10-inch and 12- 
inch rifle, would, at a moderate cost, throw considerable light upon this subject, and is another reasou 
for its being undertaken. 

The decision of the Board on Heavy Rifled Ordnance, in this regard, having 
been approved, two 10-ineh smooth-bore cast-iron Rodman guns were converted 
by lining them with wrought-iron coiled tubes, inserted at the muzzle, one to an 
8-inch rifle and the other to a 9-inch rifle, and were placed at the disposal of the 
Board on Experimental Guns, etc., by the Chief of Ordnance, under date of 
October 22, 1874, and with instructions to tire five hundred rounds, as contem- 
plated by the " Board on Rifling and Tenting, etc.," convened under orders of 
the Department under date of March 20, 1873. 

Five hundred and thirteen rounds have been fired from the 8-inch rifle so 
converted, up to the date of this report, under the supervision of the Board. 

GUN. 

DESCRIPTION OP THE 8-INCH GUN. — (Plate I.) 

The gun is essentially composed of two parts, the original 10-inch smooth- 
bore, bored up to an interior diameter of 13.5 inches, and a lining tube of coiled 
wrought-iron (welded), the breech of Avhich, to a distance of 32.5 inches, being a 
double tube — the outer one shrunk on to the inner — the former, however, having 
the same exterior diameter as the inner tube at the muzzle end. 
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A screw-collar, h (Plate I.), prevents the tube from being thrust forward at 
the muzzle by the compression of its metal by repeated firings.* The bottom of 
the tube is closed by a wrought-iron base or cup. 

The dimensions of the finished bore of the cast-iron body, and the exterior 
dimensions of the inserted wrought-iron tube, are given in the accompanying 
Table Ko. 3. It will be seen that play between the cast-iron body and the tube 
does not exceed 0.0105 inch for a length of 32 inches at the breech end, and 0.009 
inch for the remainder of its length. The tube was adjusted to the cast-iron body 
with great care, especially to ensure its breech end being closely in contact with 
the cast iron. After its insertion, it was secured at the muzzle by the screw- 
collar above mentioned. The venting is the ordinary copper bushing, the old 
vent being closed by a wrought-iron screw-plug. 

A screAV-plug, c (Plate I.), is inserted to prevent the tube from turning. The 
rifling consists of fifteen grooves and lands (equal), with an uniform twist of one 
turn in forty feet. Additional details will be found in the drawings, Plate I. 

The weight of the gun and tube complete is 16,100 pounds. 

carriage. — (Plate II.) 

The gun is mounted on the ordinary service 10-inch wrought-iron carriage 
for the service of our 10-inch smooth-bore cannon in casemate. It consists of 
the upper carriage and chassis, the total weight being about 6,000 pounds. The 
axis of the gun is 7 feet above the surface of its wooden platform. The upper 
carriage, consisting of two check-pieces connected by its transoms, has attached 
the box-clamp and friction-plates of the recoil-check. The only changes in its 
construction are the ones necessitated by the modes adopted for checking recoil 
and for elevating and depressing the gun. 

The following descriptions in addition to Plate II. set forth these changes : 
The recoil is checked by friction, using a device illustrated in Plate II. 
The principle of this check is as follows : 

The simple friction of two small plates acting in contact with the upper and lower surfaces of a 
single broad wrought-iron rail, extending midway between the chassis rails nearly the length of the 
carriage, combined with the increased resistance afforded by a slight wedge-shape given to the latter, 
afford the power for absorbing the recoil" 

This apparatus is secured, it will be seen, to the front of the chassis by a transom, taking the 
place and position of the front hurters, and a plate bolted to it on top, between which the friction- 

* Or by the reaction of the tube against the bottom of the bore, and the forward pull and friction of 
the projectile on the rifling. — J. G. B. 
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rail passes, free to move to the front longitudinally. Its position with respect to the other parts of 
the carriage and chassis is clearly shown hy the drawings. It is secured at the rear end by a rod 
attached to a rubber or steel spring. When the recoil of the upper carriage ceases, the strain on the 
"friction-rail" is at an end, but the elasticity of the "rail" reacts, and if it was rigidly attached at 
either end a tendency to buckle would evidently exist, and destroy it as a recoil check. Tins was 
found a serious imperfection in the multi-rail compressor. It will be seen that this defect does not 
exist in the present arrangement. 

The front end of the " rail " is free to move to the front, as it is not rigidly fastened to the front 
hurter transom of the chassis, and as it has a flexible attachment at the other or near end, afforded 
by the rubber or steel spring. 

The box-clamp, with its friction-plates and screw, is shown by the drawings; also it is shown 
in position (with all its parts assembled) when the gun is ready for bring. It is believed, it may 
be stated in this connection, that by employing a simple automatic device to turn the screw 
through a given arc, commencing to act at the time when the upper carriage is almost into 
battery, a decided improvement will result; especially will this provide for any neglect of gun- 
ners to tighten the clamp before firing, and thus avoid the possibility of the check ever being in 
a condition not to act when the gun is fired. 

For elevating and depressing, two circular-toothed arcs, having their centres 
at the axis of the trunnions (one on each side), are attached to the gun. A 
wrought-iron axle passing through the cheek-plates has at one end a hand-wheel. 
By simple multiplied gearing, power is transmitted to the toothed segments (see 
Plate II.) This arrangement admits of 20° of elevation and 14° of depression.* 

The means for loading and running the gun and carriage in and out of bat- 
tery and traversing, remain unchanged from the original systems of 10-inch 
smooth-bore carriages. The ordinary service pintle and strengthened pintle 
transom (2 inches thick) were used in the experiments. 

PDATPOPvM.f 

The details of the wooden platform used are given in Plate VI. 
The carriage complete weighs about 6,000 pounds; the upper carriage 
weighs 2,500 pounds, and the chassis 3,500 pounds. 

powder. — {Plate V.) 
The experiments at Port Monroe during the winter of 1872 and spring of 
1873, with what is known as hexagonal-grained powder, manufactured by 
Messrs. E. I. Du Pont & Co., Wilmington, Del., demonstrated the superiority 
of this powder for heavy ordnance, giving low maximum pressures and satisfac- 
tory velocities, with great uniformity in its action. One of the samples tested, 

* It was only used during the last rounds. — Board. 

\ A few heavy timbers judiciously assembled and embedded in the sand. Plate omitted. — J. G. B. 
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designated by the manufacturers as B. V., was selected as the standard for guns 
of 8-inch and 9-inch calibres.* 

The uniformity in size of grain, and their particular polyhedral shape, en- 
sure great uniformity in the position and size of the numerous interstices in the 
make-up of the charges, and thus ensure, with an uniformity of density in 
grain, a high degree of uniformity in pressures and velocities for given charges 
of powder and weights of projectiles. The above is confirmed, it is believed, by 
the results shown in Table No. 1 of this report. 

The powder used in the experiments Avas composed of the United States 
standard proportions for its different ingredients, and had a specific gravity of 
1.7511. Its shape, dimensions, and weight of grains arc given in Plate V. 

The cartridge bags were made allowing a windage of .85 inch, the material 
used being woollen serge. The friction primers were made at Frankford Arsenal, 
and proved of excellent quality. 

projectiles. — (Plates III. and IV. )t 

The projectiles used in the experiments were elongated cast-iron cored-shot, 
with soft metal bases, to take the grooves and ensure rotation. Two kinds were 
employed (Butler and Arrick) ; see Table !So. 1. Their description will be found 
attached to Plates III. and IV. 

It will be seen (Tables Nos. 1 and 2) that four hundred and ninety-seven 
Butler and sixteen Arrick were fired during the trials. t The shapes and general 
characteristics are shown in Plates III. and IV. The weights used will be 
found in Table No. 1. 

* Fourteen charges, with 100 pounds of E. V. hexagonal-grained powder and 450-pound shot, in 
the 15-inch gun, gave a mean maximum pressure of 18,904 pounds, and a mean initial velocity of 
1,594 feet. Three charges, using 120 pounds E. V. hexagonal-grained powder and 450-pound shot, gave 
a mean maximum pressure of 22,000 pounds and a mean initial velocity of 1,096 feet. One 450-pound 
shot, with 125-pound charge, gave a maximum pressure and velocity, the former 22,000 pounds and the 
latter 1,735 feet, Seven rounds from an 8-inch wrought-iron rifle, with 35-pound charges and an average 
weight of projectile of 168| pounds, gave a mean maximum pressure of 29,714 pounds and a mean 
initial velocity of 1,470 feet. — Board. 

t The " Butler " projectile it is unnecessary to describe. The " Arrick " [" Eureka " (" Stafford ")J 
projectile failed to give satisfaction, and a description of it is deemed unimportant. Plates III. and 
IV. therefore omitted. — J. G. B. 

J Firings were suspended with the Arrick projectiles after sixteen rounds ; the lot of fifty presented 
for experiments and tests being judged by the Board, in view of the results obtained with the sixteen 
rounds fired, as too imperfect to warrant further trials with them. It has since been reported to the 
Board that the details of this projectile have been modified in some respects, and that the results with it 
were more satisfactory. — Board. 
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The Butler projectile worked smoothly and uniformly, fully taking the 
grooves,* and giving general satisfaction. 

EXPERIMENTS AND TESTS. 

Trials were first made with charges of powder varying from twenty to 
thirty pounds, and with projectiles varying from one hundred and fifty-seven to 
one hundred and seventy-three pounds, to note resulting pressures and velocities 
and the effects on the gun, and were preliminary to the uses of thirty-five-pound 
charges, the weight selected for the test of the gun for endurance. A record of 
these firings is given in Table Xo. 2. Satisfactory results having been attained 
(see Table ^o. 2), experiments were then commenced for testing the endurance 
of the gun, using thirty-five-pound charges. Pour hundred and ninety-eight 
rounds were fired with this charge, and six rounds with a charge of thirty 
pounds, completing a record of live hundred and four rounds. The results of 
these firings are given in Table Xo. 1. 

Tt will be seen that five hundred and thirteen rounds in all have been fired 
from the gun. The velocities were taken with the Le Boulenge chronograph. 
The Rodman pressure-plug, placed in the cartridge-bag, was used for ascertain- 
ing the maximum pressures. The calculated energy of a mean weight of pro- 
jectile 173.7 pounds with thirty-five-pound charge shows a power about equal to 
the wrought-iron 8-inch English service rifle ; and, as it was believed that the 
length of the bore would enable us to advantageously burn but little, if any, 
more powder, a charge of thirty-five pounds was fixed as a maximum in the 
tests. The mean maximum pressure with battering charges, it will be seen, was 
31,282 pounds. The necessary repairs of proof-butt, the delays in the procure- 
ment of projectiles, etc., and the limited and imperfect character of our facilities 
at command, are causes which prevented an earlier completion of these experi- 
ments than December 23, 1874. 

The gun was as a rule washed out, star-gauged, and otherwise examined at 
the end of each day's firing. 

accuracy. — {Plate VHI.)t 

Before concluding the series of five hundred and thirteen rounds, it was 
desired to make some experiments to test the accuracy of the system of rifling 
and projectiles ; accordingly, a board target, twenty by forty feet, was erected 

* The majority of these shots were recovered and examined. — Board. 

f From Table No. 7 a target may be plotted. Plate VIII. is therefore omitted. — J. (i. 13. 
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exactly one mile (1,760 yards) from the gun, and commencing with the four 
hundred and sixty-sixth round, on December 22, 1874, thirteen consecutive shots, 
using thirty-five-pound charges, were placed in the target, thus concluding the 
record of that day's firing. The details of this day's firing are given in Table 
Ko. 7, and the accompanying target plotting (Plate VIII.) shows the accuracy 
attained. 

Considering the appliances used for training and sighting the gun, and other 
circumstances attending the trial, this record must be considered highly satisfac- 
tory. The remarkably small horizontal deviations afford indisputable evidence 
of the serviceable condition and good character of the rifling, and of the satis- 
factory action and accuracy of the projectiles. 

EFFECTS ON THE GUX. 

The attached table of enlargements (Table J^o. 4) shows as follows : 
After the first five rounds the star-gauging indicated no sensible enlarge- 
ment of the bore, showing that the play allowed in the construction between the 
tube and cast-iron body had not yet been obliterated, and that the tube was not 
yet set out firmly against the cast-iron walls ; seven additional rounds, using 
battering charges, firmly set the tube in its position. The enlargements by sub- 
sequent firings are given in the table, and it will be seen that after five hundred 
and thirteen rounds the maximum increase of bore was 0.040 inch at 22 inches 
from the bottom. 

By deducting the play of the tube at that point we have only an actual 
maximum enlargement, due to the total five hundred and thirteen rounds, of 
0.0295 inch. These results are especially satisfactory, as an official report of 
European experiments with a converted system (8-inch rille) gave, in a case 
brought to the notice of the Board, a maximum enlargement of 0.06 inch, after 
only one hundred and sixty odd rounds, with projectiles of one hundred and 
fifty pounds and thirty pounds of powder. 

Impressions of the bore taken with gutta-percha (see Plate VII.) show but 
little erosion from the gases, and this and a slight general roughness at the seat 
of the shot are the extent of the damage done to the surface of the bore in the 
entire experiments and tests.* 

This absence of erosion is only to be explained by the action of the soft 
metal base of the projectile, which, before the inertia of the shot is overcome, is 

* English official reports state that one hundred and eighty rounds is the greatest number fired from 
any one gun (eighty-pounder converted) without any injury. — Board. 
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pressed against the lands and fills the grooves, thus diminishing the normal 
windage to a minimum, and preventing the fioAV of the gases over the body of the 
projectile. Erosion is a prominent difficulty to be overcome, using non-expanding 
systems of projectiles for muzzle-loading rifles ; and whilst their use may reduce 
the pressure to a slight extent in comparison with the system tried by us, yet the 
absence of guttering and other deteriorations of the bore ensured by the expand- 
ing system, without abnormal or dangerous pressures, is highly satisfactory. 
The vent shows a maximum enlargement of .24 inch, and a slightly circular 
guttering exists at the exterior surface of the bushing at the surface of the bore. 
Some unimportant weld marks arc discernible on the bore. In other regards 
the gun is wholly sound in condition, and is regarded by the Board as perfectly 
serviceable for any desired additional experiments and tests. 

EFFECTS ON CARRIAGE. 

During the course of the trials numerous small repairs, such as replacement 
of bolts, etc., had to be made on the carriage, but no injuries requiring extensive 
overhauling occurred, and at the end of the trials its condition was one of gene- 
ral serviceability. The " recoil-check " performed its work well, and remained 
serviceable to the end of the firing. The elevating apparatus worked satisfac- 
torily in its limited use, and may, it is believed, be relied upon for elevating and 
depressing and to correct the effects of muzzle preponderance. The mean recoil 
of the upper carriage will be found noted in Table Xo. 1. The gun Avas served 
with the ordinary means and appliances provided for our 8-inch rifles. It was 
mounted on a wooden platform, covered by a wooden casemate for convenience 
in conducting the firings. 

VELOCITIES AND PRESSURES. 

An analysis of the record shows as follows : A mean initial velocity of 1,374 
feet, using battering charges of thirty -five pounds of powder, and a shot of one 
hundred and eighty-six pounds, the mean maximum pressure being 33,583 
pounds per square inch, and for a shot of one hundred and seventy-one pounds 
a velocity of 1,419 feet, and a corresponding mean maximum pressure of 30,126 
pounds. Seventy-eight shots of about the weight of the former, and four hundred 
and five shots of about the weight of the latter, Averc fired. The mean weight 
of all projectiles — using thirty-five pound charges— is 173.7 pounds, and the mean 
velocities and pressures obtained are, respectively, 1,411 feet and 31,300 pounds. 
The record of firing, from which Table ]STo. 1 was compiled, shows, taking into 
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consideration variations in the manufacture of different lots of powder, great 
uniformity in pressures for different weights of projectiles, and a perfectly satis- 
factory accord between pressures and corresponding initial velocities, giving con- 
vincing proof of uniformity in both the action of the powder and projectiles. 

STRENGTH OF THE SYSTEM. 

The work performed by this system of gun-construction in these experi- 
ments and tests, it will be seen from the accompanying records, about equals 
that attained by the 8-inch nine-ton rifle of the English service. The intention 
is to secure from our 10-inch smooth-bore system, by conversion, a rifle of at 
least the power attained in these experiments, and of sufficient strength to 
guarantee an adequate endurance for the number of rounds which may be 
deemed necessary the system should stand. 

The principal dimensions of the 10-inch smooth-bore gun are a total length 
of 136.66 inches, a length of bore of 120 inches, a maximum diameter of 32 
inches, a thickness at the breech of 16.66 inches, and a diameter at the muzzle of 
16.2 inches. As converted on the present plan to an 8-inch rifle (16,160 pounds 
weight), we have a thickness at the breech of 19 inches, a thickness of icalls at 
the maximum diameter of 12 inches, and at the muzzle of 4.1 inches, and a 
length of bore of 117.25 inches. It closely approximates in these dimensions to 
the Woolwich 8 -inch gun of nine tons. This latter system is evidently one of 
great strength per se ; but in the opinion of the Board in this regard it is more 
than equal to the work required of it, using improved powders giving reduced 
pressures. 

The fact that K L. G. English powders give maximum pressures of 29.8 
tons per square inch, whereas pebble or hexagonal powders reach only a maxi- 
mum pressure of about fifteen tons per square inch (all these kinds were used in 
8-inch rifles, employing the same weight of charge and x>rojectile), shows the 
important changes which have been made in powders as to pressures, velocities 
being maintained, and points to the conclusion that gun-constructions lighter in 
weight and not so strong in material as the English system can be successfully 
used to obtain the same power and still have an adequate endurance. 

The fact that a gun is strong enough to withstand K. L. GL powder or its 
equivalent is not so important in our land service with heavy ordnance, as there 
exists no adequate reasons to fear the contingency of the absence, under any cir- 
cumstances for service with our guns, of supplies of large-grained or hexagonal 
powders, or powders possessing their characteristics. 

The special construction tested, the subject of this report, in the use of bat- 
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tering charges had to endure maximum strains (repeated) of say 31,300 pounds 
per square ineli at the surface of the bore. This would give a strain of say 11,000 
pounds per square inch in a homogeneous structure on that circumference which 
is now the interior surface of the cast-iron body. 

Even making a considerable allowance for the more compressible nature of 
wrought iron over cast iron, it is fair to presume that the cast-iron body at the 
surface of its bore had not to endure, in the five hundred and odd rounds fired, 
at any fire over one-half of its tensile strength (30,000 pounds), and hence the 
inference is warranted that cast iron is entirely adequate to perform the work 
which would bo required of it in resisting tangential strains in 8-inch converted 
guns, constructed as the one tested, using a thickness of tube of 2.75 inches. 

Another inference to be drawn from those experiments and the above views 
is that it is probable — witli our superior production of cast iron in this country, 
using the principle of hollow casting and interior cooling, and a strong and 
judicious mode of lining the gun with either steel or wrought iron — that new 
constructions applicable to rifles of 10 inches and 12 inches, and even higher 
calibres, and having the necessary strength and endurance and uniformity of 
endurance required for all the wants and vicissitudes of our sea-coast service, can 
be economically secured. Also, if deemed desirable, that our 15-inch guns can 
probably bo converted into durable rifles having a large increase over their 
present powers. 

In this connection it may be noted that it is thought beyond question that 
built-up gun-constructions (rifles), using either steel or wrought-iron tubes for 
the interior and cast-iron for the body, are superior in strength (and non-liabil- 
ity to explosive bursting) to homogeneous structures composed entirely of cast 
iron ; and hence that the converted systems proposed will have greater endurance 
and safety than similarly modelled 8-inch cast-iron rifles. It is also believed 
that built-up gun-constructions, with proper kinds and qualities of metals for the 
interior tubes and the exterior bodies, have a broader margin of safety, from the 
separation into parts, in the cases of excessive or long-continued strains, than 
homogeneous structures made in one solid mass and finished from sucli masses. 

It is inferred from the above considerations and the satisfactory results at- 
tained in our trials that a durable rifle of at least 8-inch calibre, to use full 
battering charges, can be secured by conversion on the plan tested. Whilst 
expressing confidence in this plan from the results attained, yet the Board deems 
it important to call attention to the fact that more endurance may be obtained 
by other systems of conversion, equally as economical, now in course of prepara- 
tion for test and experiment. 
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EFFECTS AGAINST ARMOR-PLATES. 

The table of comparisons between the 8-inch converted and the English 
8-inch nine-ton gun shows that we can calculate on a power from the former 
equal to that of the latter (see Table No. 5). The calculations are not carried 
beyond eighteen hundred yards, as at our more important harbor defences a 
greater range than this would not generally be required for their casemated guns, 
which would probably be used in case of attack as powerful auxiliaries to the 
larger calibres of 10-inch and 12-inch rifles. The calculated power against armor- 
plates (unbacked) is at the muzzle a penetration of 8.66 inches ; at six hundred 
yards, 7.87 inches ; at one thousand yards, 7.42 inches ; and at eighteen hundred 
yards 6.75 inches. It is believed that in some of our harbors, where the draught 
of water is comparatively light, guns of this power would have sufficient 
energy to afford by themselves an efficient armament. It may be here stated 
that the nationalities of Europe embrace in their calibres for heavy ordnance as 
low as 7 inches. 

Table No. 6 shows that an increase in power from two to three-fold over the 
original smooth-bore 10-inch gun, at ranges varying from one thousand to three 
thousand yards, is gained by the conversion. 

RECOMMENDATIONS OF THE BOARD. 

The present armament for our sea-coast includes for our casemate defences 
twelve hundred and ninety-four 10-inch Rodman smooth-bore guns distributed in 
our harbors, as follows : At Portland, Me. ; Boston and lew Bedford, Mass. ; New- 
port, R. I. ; New York, N. Y. ; Eort Delaware, Del. ; Hampton Roads, Ya. ; 
Charleston and Savannah harbors, the forts of the Gulf, and the harbor of San 
Erancisco, Oal. 

These guns are worthless for purposes of defence against armor-plated ves- 
sels of modern construction, and the casemates provided for their emplacements 
(which have cost millions of money; are now useless, and demand for their 
utilization either a rearmament of new guns, or that the old ones shall be con- 
verted into rifles of efficient power, to render the casemate batteries powerful 
and efficient auxiliaries to our heavier calibres in barbette ; all to provide effect- 
ive harbor defences. 

Proof that effective and durable guns can be provided by conversion having 
been given by our recent experiments, and conversion affording an undoubted 
economy, it is recommended that the Department ask for liberal appropriations 
to be made to initiate the work of providing converted rifles for already existing 
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permanent casemated works now useless, as above stated, for the want of effi- 
cient armaments, yet for which appropriations are annually being made. 

The strong assurances afforded by our experiments that additional experi- 
mental guns of the heaviest calibre now fabricated by civilized nations, con- 
structed on the principle of combining east-iron with wrought-iron or steel-lining 
tubes, and after judicious and well-matured plans, approved by the Department, 
will, when tested, give successful results, and prove that an effective, durable, 
and economical rifle armament can be secured, leads the Board to submit the 
additional recommendation that Congress be asked to appropriate an adequate 
sum for further experiments and tests, and especially for the manufacture, trial, 
and tests of one 10-inch and one 12-inch experimental rifle, to be constructed in 
accordance with the general plan above suggested. 

S. CRISPIN, 
Brevet-Col. U. S. A., Major of Ordnance, 

President of Board. 
T. J. TREADWELL, 

Major of Ordnance. 
T. G. BAYLOR, 

Major of Ordnance. 
GEO. W. McKEE, 

Captain of Ordnance, 

Recorder of Board. 

Ordnance Office, January 18, 1875. 
Respectfully submitted to the Secretary of War. 



S. V. BEMT, 

Brigadier- General, 

Chief of Ordnance. 



TABLE 

Records of Firings for Endurance with an 8-inch Experimental Rifle from 



DESCRIPTION OP GUN. 



GVN No. 

A rifle converted 
from a 
Rodman cast- 
iron smooth-bore 
by lining with a 
jacketed wro'ght- 
iron coiled tube 
inserted at the 
muzzle. 

Calibre, 8 ins. 

Total length of 
gun, 136.66 ins. 

Length of bore, 
1 17.25 ins. 

Length of rifling. 
107.25 ins. 

Diameter of bore, 
incl'd'g grooves. 
8.15 ins. 

No. of grooves and 
lands, 15 each. 

Twist uniform — 1 
turn to 40 ft. 

Weight of gun, 
1 6, 1 60 lbs. 



From Oct. 24 to 
Oct. 28, incl've 



From Oct. 29 to 
Oct. 30, incl've 

On Oct. 29 and! 
Nov. 6 ! 

On Nov. 16 . 



On Nov. 17... 

On Nov. 18 . . . 
From Nov. 2 1 to 
Nov. 27 . 
On Nov. 27 and 
Nov. 28 . 
From Dec. 1 to 
Dec. 3, incl've . . 

On Dec. 9 and 
Dec. 10 . . 

From Dec. 1 2 to 
Dec. 14, incl've 

From Dec. 1 5 to 
Dec. 1 7, incl've 

On Dec. 1 8 

On Dec. 21 and 
Dec. 22 . . 

On Dec. 23 



36^ 



33 



00 S 



24W Ci 

<v 

r-i O 

5°- J 



19 



J 

1 
p 

7-i5 

7-i5 
7-i5 
7-i5 
7-i5 

7-i5 
7-i5 
7-i5 
7-i5 
7-i5 

7.i5 

7-i5 

7-i5 

7-i5 

7-i5 

7-i5 
7-i5 

7- J 5 
7.i5 



PROJECTILE. 



Butler 



Arrick 



Butler 



Lit. 
l6o. 

i73- 



165. 

165. 
174. 

173-9 
186.2 

187. 

170.27 

170.6 

170.2 

170.38 

170.25 

171. 
171.64 

171.25 
170. 



Board on Experimental Guns, etc., convened under 



* These charges are exceptional, and were used for experiments with projectiles, etc. 



No. 1. 

October 24 to December 23 (inclusive), 1874, a* &o»djy fToofc, 2V«m; Forfc flar&or. 



Si 1 !-! 1 




j ENERGY OF PROJECTILE 
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lm 














> 1 


Total at the 


Per inch of 


Mil 


9 

1 




fell 




Muzzle. 


the Shot's 
Clro'ference 






REMARKS. 




If 












Jl-H 

s§s *a ci 


r il 
> 


P V» 


PV 

2 0 2U 


ml 










Foot-lbi, 


Foot-lbt. 








i,449 


1,459 


5,288,64^ 


211,546 


34«225 


3-95 


Distance of the first wire target from the 


1,423 


1,432 




2 20,346 


32,278 


4.67 


muzzle of the gun, 60 ft. ; distance between 


1,357 


1,365 


5,381,364 


215,254 


33,^33 


4-39 


first and second targets, 100 ft. 


1,296 


1,303 


5,468,446 




... 

32,666 




Mean weight of projectiles, using battering 


1,368 


1,376 


218,737 


4.4 


charges (« lbs.), 171.70 lbs. 


i,4i3 


1,422 


5,180,806 


207,232 


33-333 


3-53 


Mean velocity at muzzle, using battering 


i,352 


1,361 










charges (35 lbs.), 1,411 ft. 


5,448,037 




3L7H 




Mean maximum pressure, using battering 


1,411 


1,420 


217,921 


4-i5 


charges (35 lbs.), 31.282 lbs. 


1,402 
1,366 


1,412 
J ,375 


5,383,727 
5,466,372 


215,349 
218,654 


34.000 
34.ooo 


3-7i 
3-85 


Mean energy at muzzle, using battering 
charges (35 lbs.), 5,369,947 lbs. 


i,372 


1,380 


5,616,969 


214,678 


33.5oo 


3-5i 


The maximum velocity at the muzzle, ob- 


i,4i7 


1,426 


5,376,396 


215,055 


30,708 


3-73 


tained with 35 lbs. of powder and 165 -lb. 
(A.) projectile, 1,422 ft. 






5,341,581 


213,663 


28,525 




Maximum velocity at muzzle, with 35 lbs. of 
powder and 170-lb. (B. ) projectile, 1,440 ft. 


1,41 1 


1,420 


4.12 


1,417 


1,426 


5,374,i86 


214,967 


29,875 


2.80 


Maximum velocity at muzzle, with 35 lbs. of 
powder and 174-lb. (B.) projectile, 1,420 ft, 


i,396 


^405* 


5,222,583 


208,903 


26,214 


3-35 


Maximum velocity at muzzle, with 35 lbs. of 
powder and 1 87-lb. (B.) projectile, 1,380 ft. 


^385 


i,394* 


5,137,203 


205,488 


27,214 


3.28 


Mean recoil of upper carriage, 3.79 ft. 




3ut 200 ft. from muzzle of the gun. 


1 ?86 
1,300 


[ ,395 


5,159,274 


206,370 




3-5 8 


N.B. — Four hundred and seventy-nine (479) 


1,400 


[,410 


5,298,718 


2 1 1,948 


32,625 


3-78 


shots were fired into the butt, distant 200 


ft. from the muzzle of the gun ; 13 into a 
target 20X40 ft., at the distance of 1 mile 


!,435 


,444 . 


5,532,291 


221,291 


31.500 


3.82 


from the gun ; and 12 others, for tests of 


!,43i 


,440 . 


,473,788 


218,951 


28,166 


3.52 


flight over water, etc. 



orders of the War Department, dated October 10, 1874. 



GEO. W. McKEE, 
Captain of Ordnance, Recorder. 

* Powder lot No. 18 appears to be not quite up to the standard. The remaining lots tested were 
Nos. 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20, of fifty barrels each, and comprised thj last shipment of 
five hundred barrels from the works.— J. G. B. 
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TABLE No. 3. 

Relative diameters of Bore of cast-iron body of 10-inch Gun and of tcrought-iron Tube for insertion therein, at 
different points of their cylindrical length. 



Inches 
from Face of 
Muzzle. 


Interior Diameters 
of Bore. 


Exterior Diameters 
of Tube. 


from Face of 


Interior Diameters 
of Bore. 


Exterior Diameters 
of Tube. 


I 18 


T 349 & 5 


i ^, OO 


i 7° 


T 349"0 


I 3486O 


I 17 


T 349 6 5 


1 3 4^60 


; 74 


I3.4960 


I3.4860 


I l6 


I 3-49 6 5 


13*4^60 


7 2 


I3.4960 


I 3.4860 


1 1 5 


*3-4965 


13.4500 


! 7° 


T 34955 


I34860 


I 14 


T 3-4965 




68 


T 34955 


I 3.4860 


1 T 3 


1 3-49^5 


1 \.£LO\J\J 


66 


T 34955 


I 34860 




I 3-49&5 


j 'j a & f\r\ 
1 . zj. 0 <JU 


l 04 


T 34955 


I 34860 


1 1 1 
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1 . ZJ-O^VJ 


62 


T 34955 


I 34860 


1 10 


J 3-4965 


1 3. 4^^^ 


i 5 0 


! 34955 


I 3.4860 
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T 3-4965 


T *> A Rf\(~\ 
1 ^j. Z[.OL>Vj 


i 5 S 


T 34955 


I 34860 


108 


T 34965 


1 3* 4^^o 


5° 


T 34955 


I 34860 


107 


T 3-4965 


1 3 . 4^^^ 


54 


T 34955 


I 3.4860 




T 349^5 


13 486O 


5 2 


! 34955 


I 34860 


io 5 


T 3-49^5 


T *> A Rf\(~\ 
L ^,q.O <JvJ 


! 5° 


! 34955 


I 3.4860 




T 349^5 


J 'j A 


! 45 


T 34955 


I 3.4860 


103 


T 349^5 


i i a &fi\n 


! 4O 


I 3-4955 


I3.4860 




! 3-49^5 


I 3.4^^^ 


1 44 


I 3-4955 


I 34860 


101 


I 3>49^5 


13.4^ 


4 2 


: 34955 


I 3486O 


100 


I 3-49^5 


13 486O 


1 4° 


I 3-4955 


I 3486O 


99 


: 34965 


I 3.4^*^^ 


3° 


I 3-4955 


I 3.4860 


08 


: 3-49^5 


T •? a Rfin 

1 J,i|.OUU 


3° 


x 34955 


I 3.4860 


y/ 


1 349^5 


13 4860 


34 


I 3-4955 


I 34860 


96 


! 3-49^5 




3 2 


I 3-4955 


I 3.4860 


95 


! 3 49^5 


1 3,4^^0 


3° 


I 3-4955 


I 34860 


94 


T 349^5 


I 3.4^^0 


28 


I 3-4955 


I 34860 


93 
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J 'J A Rf\(~\ 

1 j.q.o\jKj 


26 
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I 34860 
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1 3-49^5 


13 4860 
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1 6 
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13.4965 


I3.4860 


14 


13.4955 


13.4860 


86 
85 


13.4960 


I3.486O 


1 2 


13-4955 


13.4860 


13.4960 


I3.4860 


10 


134955 


13.4860 


84 


13.4960 


I3.4860 


8 


134955 


13.4860 


83 


13.4960 


13,4860 


6 


!34955 


13.4860 


82 


13.4960 


13,4860 


4 


!34955 


13.4860 


81 
80 


13.4960 


13,4860 


2 


134955 


13.4860 


13.4960 


I3.4860 


1 


134955 


13.4860 


78 


13.4960 


I3.4860 





JOHN G. BUTLER, Captain of Ordnance. 
Board on Experimental Guns, etc., convened under orders of the War Department 
dated Oct. 10, 1874. GEO. W. McKEE, Captain of Ordnance, Recorder. 
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Board on k'xpen'mental films, tic. convened under 
iem of the War Department, dated October 10, 187*1. 

Captain of Ordnance, Hecorder. 
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REPORT OF THE CHIEF OF ORDNANCE, U. S. A., 

RELATIVE TO HEAVY RIFLES. 



Ordnance Office, War Department, 

December 14, 1874. 
Sir : I have the honor to submit for the action of the Secretary of War the 
following : 

I. In my annual report, submitted in October last, I expressed the belief 
that, prior to the meeting of Congress, such valuable information would be 
obtained from expef iments with certain experimental guns, then nearly ready for 
trial, as would enable this Bureau to report understanding^ on that most im- 
portant subject, the " armament of our fortifications." Although the informa- 
tion is not as complete as was expected, sufficient has been done and reported 
upon which to base the following recommendations. 

There are at present in our forts the following heavy guns : 
321 — 15-inch Rodman guns, smooth-bore. 

1,294 — 10-inch Rodman guns, smooth-bore. 
90 — 8-inch Parrott rifles. 
40 — 10-inch Parrott rifles. 

These Parrott rifles, even if reliable when using the heavy battering 
charges required in modern warfare (of which doubts are entertained), are so few 
in number as to constitute but an unimportant item among the 4,181 guns 
required for our forts, when ready for their armament. Rifle-guns ranging 
from 8 inches to 12 inches in calibre, with power sufficient to penetrate at consid- 
erable distances the armor of iron-clad vessels, must be provided. The heaviest 
rifles are the guns of the present, as they will be of the future ; and while 
smooth-bores may for some time to come play a secondary part, for want of a 
more powerful weapon, they must inevitably yield to the rifle in every important 
juncture, as the old smooth-bore musket has given place to the breech-loading 
rifle in the hands of the soldier. While thus expressing the conviction that the 
days of smooth-bore ordnance are passing away, I desire to call attention to the 
fact that the first grand stride toward the introduction of great guns in any 
service was made in this country by the late General Rodman, of the Ordnance 
Department, whose reputation as an ordnance officer is world-wide ; and that the 
15-inch gun he first made in 1861 was the most powerful weapon then known, 
soon to be surpassed by his 20-inch smooth-bore, made in 1864, weighing 
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116,000 pounds, and throwing a shot weighing 1,080 pounds. The introduction 
of iron-clads in modern warfare calls, however, for the penetrating power of 
heavy rifles; and the smashing and racking effect of a 15-inch smooth-bore 
must yield to the working energy of a 12-inch rifle that will pierce the thickest 
iron armor at long distances. 

How best and most economically to provide for this great want has exer- 
cised the brain and skill of the most distinguished officers in every country, and 
caused the expenditure of millions of money. There is little doubt that steel is 
the best material for guns, but the product is by far too costly to be considered 
now, and, besides, would have to be procured abroad. Wrought-iron guns lined 
with steel, as adopted by England, have not given that satisfaction that would 
justify an expenditure of several millions of money in plant for their manufac- 
ture. In this country the success of the Ordnance Department in improving 
the quality of our cast iron for cannon has been marked and satisfactory, and 
we may lay claim, with good reason, to the best cast-iron guns in the world. 
They require, however, to be strengthened when subjected to the enormous 
strains which as rifles they are to withstand ; and the success abroad of lining 
cast iron with wrought iron or steel has suggested an easy and economical mode 
of converting our cheap cast-iron smooth-bores into powerful and efficient rifles. 
Our trial thus far with a 10-inch Rodman gun, lined with wrought iron and con- 
verted into an 8-inch rifle, gives promise of success ; and another lined with 
steel, now nearly ready for firing, may probably give equal, if not better, results. 
This 8-inch rifle has already been fired 328 rounds,* with battering charges of 
35 pounds of powder and 174-pound shot, giving an average velocity of about 
1,425 feet, and a working energy of over 5,000,000 foot-pounds ; capable of 
penetrating seven inches of iron armor at distances from 500 to 1,000 yards. 
This success enables us at comparatively small cost to utilize the 1,294 10-inch 
smooth-bore guns, which as smooth-bores are utterly useless against iron-clads, 
by converting them into 8-inch rifles capable of penetrating 7 inches of iron 
armor. 

The value and interest of this proposed conversion is all the greater from 
the fact that the casemates of our forts, designed many years since, are too con- 
tracted to accommodate a gun of much larger size than the 10-inch Eodman ; 
and this very gun, intended for that special purpose, can thus be strengthened and 
increased in power to meet the greater demands that modern improvements in 
naval attack and defence make upon it. 

* Up to date, December 19, this gun has been fired 448 rounds. J 
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In again urging upon Congress the absolute necessity for some action that 
will enable us to place our torts in fighting condition, by providing their arma- 
ment, I will be excused for stating an undeniable fact, which appears to be en- 
tirely ignored : that a fort is worse; than useless without guns to arm it ; indeed, 
that it is not a fort at all without its armament — more like a body without a 
soul ; and that other fact, which also seems to be lost sight of: that cannon can- 
not be purchased ready-made in market, but have to be manufactured specially, 
and must be provided in time of peace. It is certainly the part of wisdom to 
be prepared for future wars, that occur in the life of every nation ; but should our 
appeals be constantly disregarded, and the next war find the country unprepared 
and our sea-coast defenceless and at the mercy of an enterprising enemy, the 
responsibility for all subsequent disasters cannot rest on the Ordnance Depart- 
ment of the Army, nor on the Secretary of War, nor the Executive. 

I have, therefore, the honor to recommend that an appropriation of $ 250,- 
000 be made by Congress for converting smooth-bore guns into rifles by lining 
with wrought iron or steel. 

The above sum will enable us to convert at least 140 guns. 

II. Iu 1872 Congress appropriated $ 270,000 " for experiments and tests of 
heavy rifled ordnance." The guns " designated by a board of officers appointed 
by the Secretary of War," under the provisions of the act, have been in prepara- 
tion under the supervision of their respective inventors, and the whole number 
will probably be ready for trial in the early spring. The necessity and conve- 
nience of having a proving and experimental ground in near proximity to the 
city of Xew T York has forced the Department, with your approval, to establish a 
temporary one on the Government reservation at Sandy Hook, New York 
Harbor. 

Even in the trial of the 8-inch rifle, referred to above, this Department has 
been hampered by the want of funds ; and these important experiments, that 
will eventually lead to a determination of the question so vital to the national 
defence, have had to be conducted under great embarrassments and with the 
rudest appliances and conveniences. 

It is expected that by the opening of spring eight guns, varying in calibre 
from 8 inches to 12 inches, and in weight from 16,000 to 85,000 pounds, will be 
ready for firing. The firing of a 12-inch rifle is a very expensive business, each 
round fired costing about $100. As the gun may stand 500 rounds, its trial will 
cost $ 50,000, and only in a less degree will the expense be in the trial of guns of 
smaller calibre. 

Funds necessary for this purpose should be appropriated ; and, added to 
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this, a sum sufficient to provide all the carriages, depressing and others, butts and 
platforms, and all the appliances, conveniences, and labor required for the prose- 
cution of such exact and important work. 

I know of no military or naval power that has not provided an experimental 
and proving ground, with every facility for conducting trials upon a grand scale ; 
and there is no way of avoiding considerable expenditure, while seeking and 
obtaining the necessary data from which to draw conclusions that will lead to 
such large expenditures in the future in arming our fortifications. 

I have, therefore, the honor to recommend that an appropriation of $250,000 
be made for proving-ground and experiments and tests of heavy ordnance. 
Yerv respectfully, vour obedient servant, 

S. V. Benet, 
Brigadier- General, Ch ief of Ordnance. 

The Hon. Secretary of War. 

December 24, 1874. 
The gun up to this date has been fired 513 times, 500 of which with batter- 
ing charges. After the most careful examination and measurements, no damage 
to the rilling or enlargement of the bore can be detected, and the gun apparently 
is in perfect order — serviceable in every respect. 

S. V. B. 
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MESSAGE 

FROM THK 

PRESIDENT OF THE UNITED STATES, 

Itelatiitf/ to the condition of the armament of our fortijicatiom, and the necesniti/ for 
immediate provision by Conyrexx for the procurement of heavy cannon . 

To the Senate and House of lieprotcntatircx : 

In my annual message of December 1, 1873, while inviting general atten- 
tion to all tin? recommendations made by the Secretary of War, your special 
consideration was invited to u the importance of preparing for war in tinieof 
peace by providing proper armament for our sea-coast defences. Proper arma- 
ment is of vastly more importance? than fortifications. The latter can be supplied 
very speedily for temporary purposes when needed ; the former cannot." 

These views gain increased strength and pertinence as the years roll by, and 
I have now again the honor to call special attention to the condition of the 
" armament of our fortifications," and the absolute necessity for immediate pro- 
vision by Congress for the procurement of heavy cannon. The large expendi- 
tures required to supply the number of guns for our forts is the strongest argu- 
ment that can be adduced for a liberal annual appropriation for their gradual 
accumulation. In time of war such preparations cannot be made; cannon 
cannot be purchased in open market, nor manufactured at short notice ; they 
must be the product of years of experience and labor. 

I herewith enclose copies of a report of the Chief of Ordnance and of a 
board of ordnance officers on the trial of an S-inch rifle converted from a 10-inch 
smooth-bore, which shows very conclusively an economical means of utilizing 
these useless smooth-bores, and making them into 8-inch rifles capable of piercing 
7 inches of iron. The 1,2°4 10-inch Rodman guns should, in my opinion, be so 
utilized, and the appropriation requested by the Chief of Ordnance of $250,000 
to commence! these conversions is urgently recommended. 

While convinced of the economy and necessity of these conversions, the 
determination of the best and most economical method of providing guns of still 
larger calibre should no longer be delayed. The experience? of other nations, 
based on the new conditions of defence brought prominently forward by the 
introduction of iron-dads into every navy afloat, demands heavier metal and 
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rifle-guns of not less than 12 inches in calibre. These enormous masses, hurling 
a shot of 700 pounds, can alone meet many of the requirements of the national 
defences. They must be provided, and experiments on a large scale can alone 
give the data necessary for the determination of the question. A suitable prov- 
ing-ground, with all the facilities and conveniences referred to by the Chief of 
Ordnance, with a liberal annual appropriation, is an undoubted necessity. The 
guns now ready for trial cannot be experimented with without funds, and the 
estimate of $250,000 for the purpose is deemed reasonable, and is strongly 
recommended. 

The constant appeals for legislation on the " armament of fortifications " 
ought no longer to be disregarded, if Congress desires in peace to prepare the 
important material without which future wars must inevitably lead to disaster. 

This subject is submitted with the hope that the consideration it deserves 
may be given it at the present session. 

U. 8. Grant. 

Executive Mansion, January 20, 1875. 
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Benton's Ordnance and Gunnery. 

Fourth Edition, Revised and Enlarged. 

8vo. Cloth. $5.00. 

ORDNANCE AND GUNNERY. A Course of Instruction in 
Ordnance and Gunnery. Compiled for the use of the Cadets of 
the United States Military Academy, by Col. J. G. Benton, Major 
Ordnance Department, late Instructor of Ordnance and Gunnery, 
Military Academy, West Point. Illustrated. 

"A Great Military Work.— We have before us a bound volume of 
nearly six hundred pages, which is a complete and exhaustive ' Course of In- 
struction in Ordnance and Gunnery,' as its title states, and goes into every 
department of the science, including gunpowder, projectiles, cannon, car- 
riages, machines, and implements, small-arms, pyrotechny, Science of gun- 
nery, loading, pointing, and discharging fire-arms, different kinds of fires, 
effects of projectiles, and employment of artillery. These severally form 
chapter heads, and give thorough information on the subjects on which they 
treat. The most valuable and interesting information on all the above topics, 
including the history, manufacture, and use of small-arms, is here concen- 
trated in compact and convenient form, making a work of rare merit and 
standard excellence. The work is abundantly and clearly illustrated." — Bos- 
ton Traveller. 
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Holley's Ordnance and Armor. 

8vo. Half Roan, $10.00. Half Russia, $12.00. 

A TREATISE ON ORDNANCE AND ARMOR. Embracing 
Descriptions, Discussions, and Professional Opinions concerning 
the Material, Fabrication, Requirements, Capabilities, and En- 
durance of European and American Guns for Naval, Sea-Coast, 
and Iron-Clad Warfare, and their Rifling, Projectiles, and Breech- 
Loading; alse, Results of Experiments against Armor, from 
Official Records. With an Appendix, referring to Gun-Cotton, 
Hooped Guns, etc., etc. By Alexandeh L. Hollet, B. P. With 
493 illustrations. 948 pages. 

The special feature of this comprehensive volume is its ample record of 
facts relating to the subjects of which it treats, that have not before boea dis- 
tinctly presented to the attention of the public. It contains a more complete 
account than, as far as we are aware, can be found elsewhere, of the construc- 
tion and effects of modern standard ordnance, including the improvements of 
Armstrong, Whitworth, Blakeley, Parrott, Brooks, Rodman, and Dahlgren ; 
the wrought-iron and steel guns ; and tne latest system of rifling projectiles 
and breech-loading. 



Scott's Military Dictionary. 

8vo. Half Roan, $6.00. Half Russia, $8 . 00. Full Morocco, $10.00. 

MILITARY DICTIONARY. Comprising Technical Definitions; 
Information on Raising and Keeping Troops ; Actual Service, 
including makeshifts and improved materiel, and Law, Govern- 
ment, Regulation, and Administration relating to Land Forces. 
By Colonel H. L. Scott, Inspector-General U. S. A. 1 vol. Fully 
illustrated. 

" It is a complete Encyclopaedia of M ilitary Science, and fully explains 
everything discovered in the art of war up to the present time." — Philadelphia 
Evening Bulletin. 

" It should be made a text-book for the study of every volunteer." — Har- 
pers Magazine. 
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Roemer's Cavalry. 

8vo. Cloth, *G.OO. Half Calf, $7.50. 

CAVALEY: ITS HISTORY, MANAGEMENT, AND USES 
IN WAR. By J. Roemer, LL. 1)., late an Officer of Cavalry in 
the Service of the Netherlands. Elegantly illustrated with one 
hundred and twenty-seven fine wood engravings. Beautifully 
printed on tinted paper. 

Summary of Contents. — Cavalry in European Armies ; Proportion of 
Cavalry to Infantry ; What kind of Cavalry Desirable ; Cavalry Indispensa- 
ble in War; Strategy and Tactics; Organization of an Army; Route 
Marches; Eifled Fire- Anns; The Charge; The Attack ; Cavalry versus Cav- 
alry ; Cavalry versus Infantry ; Cavalry versus Artillery; Field Service; Dif- 
ferent Objects of Cavalry ; Historical Sketches of Cavalry among the early 
Greeks, the Eomans, the Middle Ages; Different Kinds of Modern Cavalry; 
Soldiers and Officers ; Various Systems of Training of Cavalry Horses ; Re- 
mounting; Shoeing; Veterinary Surgeons, Saddlery, etc., etc. 

What General McCleli,an says op it. 
" I am exceedingly pleased with it, and regard it as a very valuable addi- 
tion to our military literature. It will certainly be regarded as a standard 
work, and I know of none so valuable to our cavalry officers. Its usefulness, 
however, is not confined to officers of cavalry alone, but it contains a great 
deal of general information valuable to the officers of the other arms of gerrice, 
especially those of the Staff." 



Michaelis' Chronograph. 

4to. Illustrated. Cloth. $3.(M). 

THE LE BOULENGE CHRONOGRAPH. With three litho- 
graphed folding plates of illustrations. By Brevet Captain 0. E. 
Micii.velis, First Lieutenant Ordnance Corps, U. S. Army. 
" The excellent monograph of Captain Michaelis enters minutely into the 
details of construction and management, and gives tables of the times of flight 
calculated upon a given fall of the chronometer for all distances. Captain 
Michaelis has done good service in presenting this work to his brother officers, 
describing, as it does, an instrument which bids fair to be in constant use in 
our future ballistic experiments." — Army and Navy Journal. 

3 
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Benet's Ohronoscope. 

Second Edition. 
Illustrated. 4to. Cloth. $3.00. 

ELECTEO-BALLISTIC MACHINES, and the Schultz Ohrono- 
scope. By Lieutenant-Colonel S. V. Benkt, Captain of Ordnance, 
U. S. Army. * 

Contents. — 1. Ballistic Pendulum. 2. Gun Pendulum. 3. Use of Elec- 
tricity. 4. Navez' Machine. 5. Vignotti's Machine, with Plate. 6. Benton's 
Electro-Ballistic Pendulum, with Plate. 7. Lear's Two-Pendulum Machine. 
8. Schultz* Chronosoope, with two Plates. 



Dufour's Principles of Strategy and 
Grand Tactics. 

12mo. Cloth. $3.00. 

THE PEINCIPLES OF STEATEGY AND GEAND TACTICS. 
Translated from the French of General Ot. H. Dufoue. By 
"William P. Ckaigiiill, Major of Engineers U. S. Army, and 
late Assistant Professor of Engineering, Military Academy, West 
Point. From the last French edition. Illustrated. 

"General Dufour is a distinguished civil and military engineer and a 
practical soldier, and in Europe one of the recognized authorities on military 
matters. He holds the office of Chief of the General Staff of the Army of 
Switzerland." — Evening Post. 

" This work upon the principles of strategy, the application of which we 
have sorely stood in need of in all our campaigns, comes from an acknowledged 
authority. It was General Dufour who successfully arrayed the Federal Army 
of Switzerland against secession, and subdued' the rebellious Cantons."— 
Boston Journal. 

" In all military matters General Dufour is recognized as one of the first 
authorities in Europe, and consequently the translation of this very valuable 
work is a most acceptable addition to our military libraries."— London Naval 
and Military Gazette. 
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Jomini's Life of the Emperor 
Napoleon. 

4 vols. 8vo, and Atlas. Cloth, . Half Calf, 

MILITARY AND POLITICAL LIFE OF THE EMPEROR 
NAPOLEON. By Baeok Jomini, General-in-Chief and Aid-de- 
Camp to the Emperor of Russia. Translated from the French, 
with Notes, by H. W. Halleck, LL. D., Major-General U. S. 
Army. With 60 Maps and Plans. 

" The Atlas attached to this version of Jomini's Napoleon adds very mate- 
rially to its value. It contains sixty Maps, illustrative of Napoleon's extraor- 
dinary military career, beginning with the immortal Italian campaigns of 
1796, and closing with the decisive Campaign of Flanders, in 1815, the last 
map showing the battle of Wavre. These maps take the reader to Italy, 
Egypt, Palestine, Germany, Moravia, Russia, Spain, Portugal, and Flanders : 
and their number and variety, and the vast and various theatres of action 
which they indicate, testify to the immense extent of Napoleon's operations, 
and to the gigantic character of his power They are admirably prepared, 
being as remarkable for the beauty of their execution as for their strict fidelity 
as illustrations of some of the greatest deeds in the annals of human warfare. 
They are worthy of the work to which they belong, -which has been most ex- 
cellently presented typographically, and deserving of the place which it has 
taken in Mr. Van Nostrand's noble and extensive library of military publica- 
tions." — Boston Daily Evening Traveller. 

" It is needless to say anything in praise of Jomini as a writer on the sci- 
ence of -war. 

" General Halleck has laid the professional soldier and the student of mili- 
tary history under equal obligations by the service he has done to the cause 
of military literature in the preparation of this work for the press. His rare 
qualifications for the task thus undertaken will be acknowledged by all. 

" The notes with which the text is illustrated by General Halleck are not 
among the least of the merits of the publication, which, in this respect, has a 
value not possessed by the original work." — National Intelligencer. 

" The narrative is so brief and clear, and the style so simple and perspicu- 
ous, that it will be found as interesting to unprofessional readers as it is val- 
uable to military officers and students." — New York Times. 

* # * This is the only English translation of this important strategical life 
of the great Napoleon. 
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Jominf s Campaign of Waterloo. 

Third Edition. 
12mo. Cloth, tl-25. 
THE POLITICAL AND MILITARY HISTORY OF THE 
CAMPAIGN OF WATERLOO. Translated from the French 
of General Babon de Jomini by Col. S. V. Benet, U. 8. Ord- 
nance. 



Jomini's Grand Military Operations. 

2 Vols. 8vo, and Atlas. Cloth, $15.00. Half Calf or Half ^Morocco, $21.00. 
Half Russia, $22.50. 

TREATISE ON GRAND MILITARY OPERATIONS. Illus- 
trated by a Critical and Military History of the Wars of Freder- 
ick the Great. With a Summary of the Mo> t Important Princi- 
ples of the Art of War. By Babon de Jojiixi. Illustrated by 
Maps and Plans. Translated from the French by Col. S. B. 
Hoiabied, A. D. C, U. S. Army. 

It is universally agreed that no art or science is more difficult than that of 
war ; yet by an unaccountable contradiction of the human mind, those who 
embrace this profession take little or no pains to study it. They seem to 
think that the knowledge of a few insignificant and useless trifles constitute 
a great officer. This art, like all others, is founded on certain and fixed prin- 
ciples, which are by their nature invariable ; the appliention of them only can 
be varied. 

In (his work these principles will be found very fully developed and illus- 
trated by immediate application to the most interesting campaigns of a great 
master. The theoretical and mechanical part of war may be acquired by any 
one who has the application to study, powers of reflection, and a sound, clear 
common sense. 

Frederick the Great has the credit of having done much for tactics. He 
introduced the close column by division and deployments therefrom. He 
brought his army to a higher degree of skill than any other in manoeuvring 
before the enemy to menace his wings oi - threaten his flanks. 

"Jomini is received, in the words of the eminent historian Thiers, as 'a 
military writer of eminent superiority, who had besides exhibited, in the 
practice of war, the soundest judgment based on the highest views of his art.' 
This is high praise, but purely military writers assign Jomini even a still 
higher position as 'first among the great writers on the art of war."' — New 
Orleans Times. 

C 
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Barre Duparcq's Military Art and 
History. 

8vo. Cloth. $5.00. 

ELEMENTS OF MILITAEY ART AND HISTORY. By 
Edward de la. Barbe Detarcq, Chef de Bataillon of Engineers in 
the Army of France, and Professor of the Military Art in the 
Imperial School of St. Cyr. Translated by Colonel Geo. W. 
CtrLum, U. S. E. 

" I read the original a few years since, and considered it the very best 
work I had seen upon the subject. 

" H. W. Halleok, Major-General IT. S. A." 



Myer's Manual of Signals. 

48 Plates. 12mo. Roan. $5.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Brig. -Gen. 
Albert J. Myer, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Rebellion. 



Wallen's Service Manual. 

12mo. Cloth. $1.50 
SERVICE MANUAL for the Instruction of newly appointed Com- 
missioned Officers, and the Rank and File of the Army, as com- 
piled from Army Regulations, The Articles of War, and the 
Customs of Service. By Henry D. Wallen, Bvt. Brigadier- 
General U. S. Army. 

" In my estimation, Gen. Wallen's Service Manual is a book of great value. 
It contains not only extracts from the regulations, but also includes, in a con- 
cise forn*» the customs of service at well-regulated Posts, as well as in Regi- 
ments — the unwritten law, which takes so long to learn, and which is so soon 
forgotten or overlooked. I consider it a very useful compendium for Junior 
Officers, and a good book for the instruction of Non-Commissioned Officers in 
their duties. I have prescribed that it be taught in my regiment and at the 
Post where I command. 

" J. Vogdes, Colonel 1st Artillery, Bvt. Brig -Gen. U. S. A., 

" Fort Hamilton, New York Harbor." 
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Boynton's History of West Point. 

Seeond Edition. 

8vo Fancy Cloth $3.60. 
HISTORY OF WEST POINT, and its Military Importance dur- 
ing the American Revolution ; and the Origin and Progress of 
the United States Military Academy By Bvt.-Maj. Edwakd C. 
Botnton, A. M., Adjutant of the Military Academy. With 36 
Maps and Engravings. 

" Aside from its value as an historical record, the volume under notice is 
an entertaining guide-book to the Military Academy and its surroundings. 
We have full details of Cadet life from the day of entrance to that of gradua- 
tion, together with descriptions of the buildings, grounds, and monuments. 
To the multitude of those who have enjoyed at West Point the combined 
attractions, this book will give, in its descriptive and illustrated portion, 
especial pleasure." — New York Eveniru/ Poat. 

List of Map* and Illustrations. 
Map of West Point and its Vicinity, 1866— Map of the Commission in 
1812— Survey of the United States Lands at West Point, 1839— Martelaer's 
Bock (Constitution Island — Map of Fort Constitution, Constitution Island, 
1776— Map of the.West Side of the Hudson Eiver, 1780 (Fac-simile^— Ar- 
rangement of the great Boom and Chain across the Hudson, at West Point, 
1780— Relic of the great Chain of the Revolution— Map of Fort Arnold, 1780 
(Fac-simile) — Chapter Vignette — Robinson's House in the Highlands— Map of 
the Scene of Arnold's Treason— Fort Putnam, from the West Point Hotel, 
1863— Grand Arbor and Colonnade at West Point in 1782 < Fac-simile)— Ruins 
of Fort Putnam, Interior View— The Old North Barracks— The Old South 
Barracks— The Old Academic Building— The Old Mess-Hall— The West 
Point Hotel— The Chapel— The New Academic Building— The Library and 
Observatory— The New Cadet Barracks— The New Mess-Mall— Map of West 
Point in 1863 — Ruins of Fort Constitution — Kosciusczko's Monument — Dade's 
Monument— The Thirteen-inch Mortar— The Cadet Monument —Wood's 
Monument — The Trophy Guns — The Encampment — Military Academy Band. 



Guide to West Point. 

18mo. Flexible Cloth. $1.00. 
GUIDE TO WEST POINT AND THE U. S. MILITARY 
ACADEMY. With Maps and Engravings. 
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Wood's West Point Scrap Book. 

8vo. Extra Cloth. $5.00. 

THE WEST POINT SCRAP BOOK. Being a Collection of 
Legends, Stories, Songs, &e. By Lieut. 0. E. Wood, U. S. A. 
With 69 wood-cut Illustrations. Beautifully printed on tinted 
paper. 

" Lieutenant Wood has a keen sense of the humorous, and if he does not 
always tell his stories of cadet life as neatly as they might be told, he cer- 
tainly possesses the faculty of giving 1 them a 'spicy turn.' The fun and frolic 
of the Camp and the mess-hall are very creditably preserved, and some of the 
anecdotes with which the book abounds will be new to non-militar, readers. 
Among the illustrations is a portrait of the celebrated character whose memory 
is kept green by O'Brien's song of ' Benny Havens, Oh! "— Commercial 
Advertiser. 

List of Illustrations. 

Topographical Sketch of West Point — Crow Nest, looking south — Cadet 
Monument — Fort Putnam— Ruins of Fort Putnam — Wood's Monument — 
Views from Siege Battery — Great Chain — Crow Nest — Kosciusczko's Monu- 
ment— Dade's Monument — Steps leading to Kosciusczko's Garden — The 
Thomas Powell off Storm King— The North Barracks— The Mess-Hall— 
Thirteen-inch Mortar — The South Barracks — Benny Havens — West Point 
Hotel— Road to Cozzen's Dock — The Military Academy Band— The Recep- 
tion of a Plebe— The Plebe's Trip from the Commissary — Bayonet Exercise — 
Hobgoblins on Post — Squad Drill — Leaving Camp — Studying in Barracks — 
Plebe's Fencing -Recitation in " Math " — Scene in the Hop Room— Scene in 
the Riding-Hall — Going on Furlough — Scene in the Mess Hall— Policing 
Camp — The Last Review — Going down the Hudson — The Encampment — The 
Old Academy The Parade — View from Battery Knox — Dream of Furlough 
— Four Scenes in a C adet Waltz — A Cadet Hash — Scene in the Commandant's 
Office— He is Challenged by the Supt's "Bum"- They Lay Ye Prostrate 
Courier kindly on a Shutter — At the Guard-House Door — Frank Davenport 
at Home— In Stalked the Messenger of Woe— The Bell Button— The last of 
poor Frank — A Cadet on Horseback — A Diabolical Scene — The Billy Goat — 
Dadesran's " Hive " — Hurdle Scene — View from Garrison's — Fort Putnam — 
The Chapel — Cozzen's — The Academic Building -Old Bentz the Bugler — 
Buttermilk Falls— Church of the Holy Innocents — Martelaer's Rock — Trophy 
Guns— Cadets Mess-Hall — The Library. 
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West Point Life. 

Oblong 8vo. Cloth. $2.50. 

WEST POINT LIFE. A Poem read before the Dialectic Society 
of the United States Military Academy. Illustrated with twenty- 
two full-page Pen and Ink Sketches. By A Cadet. To which is 
added the song, " Benny Havens, Oh ! " 

« Summer visitors at "West Point will especially enjoy these illustrations ; 
and the poem itself may be egarded as a description of cadet life, as seen from 
the inside by one who appreciates it."— N. Y. Journal of Commerce. 



G-illmore's Fort Sumter. 

8vo. Cloth $10.00. Half Russia, $12.00. 

GILLMOEE'S FOET SUMTEE. Official Eeport of Operations 
against the Defences of Charleston Harbor, 1863. Comprising 
the descent upon Morris Island, the demolition of Fort Sumter, 
and the siege and reduction of Forts Wagner and Gregg. By 
Maj.-Gen. Q. A. Gillmoke, U. S. Volunteers, and Major U. S. 
Corps of Engineers. With 76 lithographic plates, views, maps, 
etc. 

" General Gillmore has enjoyed and improved some very unusual opportu- 
nities for adding to the literature of military science, and for making a per- 
manent record of his own professional achievements. It has fallen to his lot 
to conduct some of the most striking operations of the war, and to make trial 
of interesting experiments in engineering and artillery which were both cal- 
culated to throw light upon some of the great points of current discussion in 
military art, and also to fix the attention of spectators in no ordinary degree. 

" His report of the siege of Fort Pulaski thus almost took the form of a 
popular scientific treatise and we now have his report of his operations against 
Forts Wagner and Sumter, given to the public in a volume which promises to 
be even more attractive at bottom, both to the scientific and the general 
reader, than its predecessor. 

" The volume is illustrated by seventy-six plates and views, which are 
admirably executed, and by a few excellent maps ; and indeed the whole style 
of publication is such as to reflect the highest credit upon the publishers." — 
Boston Daily Advertiser. 
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Gillmore's Supplementary Report on 
Fort Sumter. 

8vo. Cloth. $5.00. 

SUPPLEMENTARY REPORT to the Engineer and Artillery 
Operations against the Defences of Charleston Harbor in 1863. 
By Major-General Q. A. Gixlmore, U. S. Volunteers, and Major 
U. S. Corps of Engineers. With Seven Lithographed Maps and 
Views. 



G-illmore's Fort Pulaski. 

8vo. Cloth, |2.5f». 
SIEGE AND REDUCTION OF FORT PULASKI, GEORGIA. 
Papers on Practical Engineering. No. 8. Official Report to the 
U. S. Engineer Department of the Siege and Reduction of 
Fort Pulaski, Ga. February, March, and April, 1862. ByMaj.- 
Gen. Q. A Gillmore, U. S. A. Illustrated by maps and views. 



Barnard and Barry's Report. 

8vo. Cloth. #4.00. 
REPORT OF THE ENGINEER AND ARTILLERY OPERA- 
TIONS OF THE ARMY OF THE POTOMAC, from its 
Organization to the Close of the Peninsular Campaign. By 
Maj.-Gen. J. G. Barnard, and other Engineer Officers, and 
Maj.-Gen. W. P. Barry, Chief of Artillery. Illustrated by 
18 Maps, Plans, &c. 

" The title of this work sufficiently indicates its importance and value as 
a contribution to the history of the great rebellion. Gen. Barnard 8 report is 
a narrative of the engineer operations of the army of the Potomac from the 
time of its organization to the date it was withdrawn from the James River. 
Thus a record is given of an important part in the great work which the 
nation found before it when it was first confronted with the necessity of war, 
and perhaps on no other point in the annals of the rebellion will future gen- 
erations look with a deeper or more admiring interest."— Buffalo Courier. 
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Barnard's C. S. A., and the Battle of 
Bull Run. 

8vo. Cloth. $2.00. 
THE " C. S. A.," AND THE BATTLE OF BULL EUN. (A 
Letter to an English friend.) By Major-General J. G. Babnabd, 
Colonel of Engineers, U. 8. A., Major-General and Chief Engi- 
neer Army of the Potomac. Wifli five maps. 



Barnard's Peninsular Campaign. 

8vo. Cloth. $1.00. 12mo. Paper. 80c. 
THE PENINSULAR- CAMPAIGN AND ITS ANTECE- 
DENTS, as developed by the Report of Major-General Geo. B. 
McCleixak, and other published Documents. By J. G. Bae- 
kard, Colonel of Engineers and Brevet Major-General Volun- 
teers, and Chief Engineer in the Army of the Potomac from its 
organization to the close of the Peninsular Campaign. 



Barnard's Notes on Sea-Coast 
Defence. 

8vo. Cloth. $2.00. 
NOTES ON SEA-COAST DEFENCE : ' Consisting of Sea-Coast 
Fortification ; the Fifteen-Inch Gun ; and Casemate Embrasure. 
By Major-General J. G. Baenaed, Col. of Corps of Engineers, 
U. S. A. With an engraved plate of the 15-inch Gun. 



Henry's Military Record of Civilian 
Appointments, U. S. A. 

2 Vols. 8vo. Cloth, $10.00. 

MILITARY RECORD OF CIVILIAN APPOINTMENTS IN 
THE UNITED STATES ARMY. By Gut V. Henby, Brevet 
Colonel and Captain First United States Artillery ; Late Colonel 
and Brevet Brigadier General United States Volunteers. 
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Hotchkiss and Allan's Battle of 
Chancellorsville. 

8vo. Cloth. $5.00. 

THE BATTLE-FIELDS OF VIRGINIA. Chancellorsville, em- 
bracing the Operations of the Army of Northern Virginia. 
From the First Battle of Fredericksburg to the Death of Lt.- 
Gen. 8. J. Jackson. By Jed. Hotchkiss and William Allan. 
Illustrated with five Maps and Portrait of Stonewall Jackson. 

" Though written from a Confederate stand-point this is a valuable acces- 
sion to the military history of the country. It embraces the operations of the 
rebel army of Northern Virginia from the first battle of Fredericksburg to the 
death of StonewallJackson." — Washington j&ttin 

" A critical friend who has carefully studied this volume, in connection 
with the Maps, informs us that he arote from the examination with a per- 
fectly clear and satisfactory understanding of all the operations described and 
illustrated, and that he was never before able to master them. He represents 
the Maps as in all respects admirable, and the account of the battles and other 
military operations as lucid and graphic and without any of those fanciful 
colorings so generally employed by authors. It is the work of military men 
and not of dramatists, and one that commands respect by reason both of its 
ability and freedom from passion and prejudice." — Richmond Whig. 



Andrews' Campaign of Mobile. 

8vo. Cloth. $3.50. 

THE CAMPAIGN OF MOBILE, including the Co-operation of 
General Wilson's Cavalry in Alabama. By Brevet Maj.-Gen. 
C. C. Andkews. With five Maps and Views. 

" This is an elaborate account of a memorable campaign conducted by Gen- 
eral Canby with great skill, and resulting in a great success. That success, 
owing to the fact that it occurred at the time the rebellion collapsed in Vir- 
ginia, has not occupied in the public mind the place due to its intrinsic im- 
portance and the generalship which made it possible. To military readers, 
however, the campaign must be of more than ordinary interest." — Boston 
Transcript. 

13 
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Stevens' Three Years in the Sixth 
Corps. 

New and Revised Edition. 
8vo. Cloth. |3.00. 
THREE YEAES IN THE SIXTH COEPS. A concise narra- 
tive of events in the Army of the Potomac from 1861 to the 
Close of the Eebellion, April, 1865. By Geo. T. Stevens, Sur- 
geon of the 77th Eegt. New York Volunteers. Illustrated with 
17 engravings and 6 steel portraits. 

" This story of ' Three Years in the Sixth Corps ' in a valuable contribu- 
tion to the history of the great struggle, and we are glad to see that its success 
necessitates this second edition. The work is graphically written, and brings 
vividly before the mind of the "reader the varied scenes which came before the 
writer's eye. Not only will it be found interesting to the members of the old 
Sixth, but to every American reader. Fine portraits on steel of six of the 
leading Generals connected with the corps, and a number of wood-cuts, 
accompany this edition." — Mail. 



Leoomte's "War in the United States. 

12mo. Cloth. $1.00. 
THE WAE IN THE UNITED STATES. A Report to the 
Swiss Military Department. Preceded by a Discourse to the 
Federal Military Society assembled at Berne, Aug. 18, 1862. By 
Ferdinand Lecomte, Lieut. -Col. Swiss Confederation. Trans- 
lated from the French by a Staff Officer. 



Harrison's Pickett's Men. 

12mo. Cloth. $2.00. 
PICKETT'S MEN. A Fragment of War History. By Col. Wal- 
ter Harrison. With portrait of Gen'l Pickett. 
" This contribution to a Southern History of the War will do good service, 
in so far as it relates to the operations of a particular command. As a record 
of the splendid gallantry of Pickett's men, from its first organization to the 
battle of Gettysburg, with brief biographies of its chief officers, it will be 
found not only interesting, but of considerable historical value." — Bait. Am. 
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Todleben's Defence of Sebastopol. 

12mo. Cloth. $2.00. 

TODLEBEN'S (GENERAL) HISTORY OF THE DEFENCE 
OF SEBASTOPOL. By William Howaed Russell, LL.D., of 
the London Times. 

Roberts' Hand-Book of Artillery. 

18mo. Cloth. $1.25. 
HAND-BOOK! OF ARTILLERY. For the Service of the United 
States Army and Militia. Ninth edition, revised and greatly 
enlarged. By Col. Joseph Robeets, U. S. A. 

Instructions for Field Artillery. 

12mo. Cloth. $3.00. 
INSTRUCTIONS FOR FIELD ARTILLERY. Prepared by a 
Board of Artillery Officers. To which is added the "Evolutions 
of Batteries," translated from the French, by Brig. -Gen. R. An- 
debson, U. S. A. 122 plates. 



Heavy Artillery Tactics. 

12mo. Cloth $2.50. 
HEAVY ARTILLERY TACTICS. — 1863. Instruction for Heavy 
Artillery ; prepared by a Board of Officers, for the use of the 
Army of the United States. With service of a gun mounted on 
an iron carriage and 39 plates. 



Anderson's Evolutions of Field 
Artillery. 

24mo. Cloth. $1.00. 
EVOLUTIONS OF FIELD BATTERIES OF ARTILLERY. 
Translated from the French, and arranged for the Army and 
Militia of the United States. By Gen. Robeet Andeeson, 
U.S.A. Published by order of the War Department. 33 Plates. 

15 



64 MILITARY BOOKS PUBLISHED B Y 



• Haupt's Military Bridges. 

8ro. Cloth. $6.60. 
MILITARY BRIDGES ; For the Passage of Infantry, Artillery, 
and Baggage-Trains ; with suggestions of many new expedients 
and constructions for crossing streams and chasms; designed 
to utilize the resources ordinarily at command and reduce the 
amount and cost of army transportation. Including also designs 
for Trestle and Truss-Bridges for Military Railroads, adapted 
especially to the wants of the Service of the United States. By 
Hebman Happt, Brig.-Gen. in charge of the construction and 
operation of the U. S. Military Railways, Author of " General 
Theory of Bridge Construction, &c." Illustrated by sixty-nine 
lithographic engravings. 

" This elaborate and carefully prepared, though thoroughly practical and 
simple work, is peculiarly adapted to the military service of the United States. 
Mr. Haupt has added very much t<> the ordinary facilities for crossing streams 
and chasms, by the instructions afforded in this work."— Boston Courier. 



Cullum's Military Bridges. 

8vo. Cloth. $3.50. 
SYSTEMS OF MILITARY BRIDGES, in Use by the United 
States Army ; those adopted by the Great European Powers ; 
and such as are employed in British India. With Directions for 
the Preservation, Destruction, and Re-establishment of Bridges. 
By Col. Geobge W. Cullum, U. S. E. With seven folding 
plates. 

Duane's Manual for Engineer Troops. 

12mo, Half Morocco, $2.50. 
MANUAL FOR ENGINEER TROOPS : Consisting of— Part I. 

Ponton Drill ; II. Practical Operations of a Siege ; III. School 

cf the Sap ; IV. Military Mining ; V. Construction of Batteries. 

By General J. C. Duane, Corps of Engineers, U. S. Army. With 

16 plates and numerous wood-cut illustrations. 

" I have carefully examined Capt. J. C. Duane's ' Manual for Engineer 
Troops,' and do not hesitate to pronounce it the very best work on the subject 
of which it treats. 

H. W. HALLECK, Major-General U. S. A." 

16 
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Mendell's Military Surveying. 

12mo. Cloth. *2.00. 
A TEEATISE ON MILITARY SURVEYING. Theoretical 
and Practical, including a description of Surveying Instruments. 
By G. H. Mkndell, Major of Engineers. With 70 wood-cut illus- 
trations. 

" The author is a Captain of Engineers, and has for his chief authorities 
Salneuve, Lalobre, and Simms. He has presented the subject in a simple 
form, and has liberally illustrated it with diagrams, that it may be readily 
comprehended by every one who is liable to be called upon to furnish a 
military sketch of a portion of country." — N. Y. Evening Post. 



Abbot's Siege Artillery Against 
Richmond. 

8vo. Cloth. $3.50. 
SIEGE ARTILLERY IN THE CAMPAIGN AGAINST RICH- 
MOND, with Notes on the 15-inch Gun, including an Algebraic 
Analysis of the Trajectory of a Shot in its ricochet upon smooth 
Water. Illustrated with detailed drawings of the U. S. and 
Confederate rifled projectiles. By Henkt L. Abbot, Major of 
Engineers, and Brevet Major-General U. S. Volunteers, com- 
manding Siege Artillery, Armies before Richmond. Paper No. 
14, Professional Papers, Corps of Engineers. Illustrated with 
six folding plates. 



Lendy's Maxims and Instructions on 
the Art of War. 

18mo. Cloth. 75c. 
MAXIMS AND INSTRUCTIONS ON THE ART OF WAR. 
A Practical Military Guide for the use of Soldiers of all Arms 
and of all Countries. Translated from the French by Captain 
Lendy, Director of the Practical Military College, late of the 
French Staff, etc., etc. 
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Benet's Military Law and Courts- 
Martial. 

Sixth Edition, Revised and Enlarged. 
8vo. Law Sheep. $4.50. 
BENET'S MILITARY LAW. A Treatise on Military Law and 
the Practice of Courts-Martial. By Col. S. V. Beitst, Ordnance 
Department, U. S. A., late Assistant Professor of Ethics, Law, 
&c., Military Academy, West Point. 

« Captain Bene't presents the army with a complete compilation of th« 
precedents and decisions of rare value which have accumulated since the crea- 
tion of the office of Judge- Advocate, thoroughly digested and judiciously 
arranged, with an index of the most minute accuracy. Military Law and 
Courts-Martial are treated from the composition of the latter to the Finding 
and Sentence, with the Revision and Execution of the same, all set forth in a 
dear, exhaustive style, that is a cardinal excellence in every work of legal 
reference. That portion of the work devoted to Evidence is especially good. 
In fact, the whole performance entitles the author to the thanks of the entire 
army, not a leading officer of which should fail to supply himself at once with 
so servioeable a guide to the intricacies of legal military government."—^ Y. 
Times. 



Lippitt's Special Operations of War. 

Illustrated. 18mo. Cloth. $1.00. 



Lippitt's Field Service in War. 

12mo. Cloth. $1.00. 



Lippitt's Tactical Use of the Three 
Arms. 

12mo. Cloth. $1.00. 



Lippitt on Intrenchments. 

41 Engravings. 12mo. Cloth. $1.25. 

18 
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Kelton's New Bayonet Exercise. 

Fifth Edition, Revised. 

12mo. Cloth. $2.00. 

NEW BAYONET EXERCISE. A New Manual of the Bayonet, 
for the Army and Militia of the United S.ates. By General J. 
C. Kklton, U. S. A. With Forty beautifully-engraved Plates. 

This Manual was prepared for the use of the Corps of Cadets, and has been 
introduced at the Military Academy with satisfactory results. It is simply the 
theory of the attack and defence of the sword applied to the bayonet, on the 
authority of men skilled in the use of arms. 

The Manual contains practical lessons in Fencing, and prescribes the 
defence against Cavalry, and the manner of conducting a contest with a 
swordsman. 

" This work merits a favorable reception at the hands of all military men. 
It contains all the instruction necessary to enable an officer to drill his men 
in the use of this.weapon. The introduction of the Sabre Bayonet in our 
army renders a knowledge of the exercise more imperative." — New York 
Times. 



Craighill's Army Officers' Companion. 

18mo. Full Roan. $2.00. 

THE ARMY OFFICERS' POCKET COMPANION. Principally 
designed for Staff Officers in the Field. Partly translated from the 
French of M. de Rouvri:, Lieutenant-Colonel of the French Staff 
Corps, with Additions from Standard American, French, and 
English authorities. By Wii. P. Cuaighill, Major U. S. Corps 
of Engineers, late Assistant Professor of Engineering at the U. 
S. Military Academy, West Point. 

" I have carefully examined Captain Craighill's Pocket Companion. I find 
it one of the very best works of the kind I have ever seen. Any army or vol- 
unteer officer who will make himself acquainted with the contents of this little 
book will seldom be ignorant of his duties in camp or field. 

"H. W. HALLECK, Major-General U. S. A." 
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Casey's U. S. Infantry Tactics. 

3 vols. 24mo. Cloth. $2.50. 

U. S. INFANTRY TACTICS. For the Instruction, Exercise, 
and Manoeuvres of the Soldier, a Company, Line of Skirmishers, 
Battalion, Brigade, or Corps d'Armee. By Brig.-Gen. Silas 
Casey, TJ. S. A. 3 vols., 24mo. Vol. I.— School of the Soldier ; 
School of the Company ; Instruction for Skirmishers. Vol. II. — 
School of the Battalion. Vol. III.— Evolutions of a Brigade ; 
Evolutions of a Corps d'Armee. Lithographed plates. 



United States Tactics for Colored 
Troops. 

24mo. Cloth. $L50. 

U. S. TACTICS FOR COLORED TROOPS. -U. S. Infantry 
Tactics for the Instruction, Exercise, and Manoeuvres of the 
Soldier, a Company, Line of Skirmishers, and Battalion, for the 
use of the Colobed Troops of the United States Infantry. Pre- 
pared under the direction of the War Department. 

" "Wak Depabtment, "Washington, March 9th, 1868. 
"This system of United States Infantry Tactics, prepared under the di- 
rection of the War Department, for the use of the colored troops of the United 
States Infantry, having been approved by the President, is adopted for the 
instruction of such troops. 

" Edwin M. Stanton, Secretary of "War." 



Morris' Infantry Tactics. 

2 vols. 24mo. Cloth. |2.00. 2 Vols, in 1. Cloth. $1.50. 

INFANTRY TACTICS. Comprising the School of the Soldier, 
School of the Company, Instruction for Skirmishers, School of 
the Battalion, Evolutions of the Brigade, and Directions for 
Manoeuvring the Division and the Corps d'Armee. By Brig.- 
Gen. William H. Moeeis, U. S. Vols., and late U. S. Second 
Infantry. 

20 
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Morris' Field Tactics for Infantry. 

Illustrated. 18mo Cloth. 75c. 

FIELD TACTICS FOE INFANTRY. Comprising the Battalion 
Movements, and Brigade Evolutions, useful in the Field, on the 
March, and in the presence of the Enemy. The tabular form is 
used to distinguish the commands of the General, and the com- 
mands of the Colonel. By Brig.-Gen. Wm. H. Moeeis, U. S. 
Vols., late Second U. S. Infantry. 



Monroe's Light Infantry and Company 
Drill. 

<32mo. Cloth. 75c. 
LIGHT INFANTRY COMPANY AND SKIRMISH DRILL. 
The Company Drill of the Infantry of the Line, together with the 
Skirmish Drill of the Company and Battalion, after the method 
of General Le Louterel. Bayonet Fencing; with a Supple- 
ment on the Handling and Service of Light Infantry. By J. 
Moneoe, Col. Twenty-Second Regiment, N. G., N. Y. S. M., 
formerly Captain U. S. Infantry. 

Le Gal's School of the Guides. 

16mo. Cloth. 60c. 
THE SCHOOL OF THE GUIDES. Designed for the use of the 
Militia of the United States. By Col. Eugene Le Gal. 



Duryea's Standing Orders of the 
Seventh Regiment. 

New Edition 
16mo. Cloth. 50c. 
STANDING ORDERS OF THE -SEVENTH REGIMENT 
NATIONAL GUARDS. For the Regulation and Government 
of the Regiment in the Field or in Quarters. By A. Dubyea, 
Colonel. 
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Heth's System of Target Practice. 

18mo. Cloth. 75c. 

SYSTEM OF TARGET PRACTICE ; For the use of Troops 
when armed with the Musket, Rifle-Musket, Rifle, or Carbine. 
Prepared •principally from the French, by Captain H rarer Heth, 
Tenth Infantry, U. S. A. 
Published by order of the War Department. 



Berriman's Sword-Play. 

Fourth Edition. 

12mo Cloth. $1.0). 

SWORD-PLAY. The Militiaman's Manual and Sword-Play 
without a Master. Rapier and Broad-Sword Exercises, copi- 
ously Explained and Illustrated; Small- Ann Light Infantry 
Drill of the United States Army ; Infantry Manual of Per- 
cussion Musket ; Company Drill of the United States Cavalry. 
By Major M. W. Bebbiman, engaged for the last thirty years in 
the practical instruction of Military Students. 

" This work will be found very valuable to all persons seeking military 
instruction; but it recommends itself most especially to officers, and those 
who have to use the sword or sabre. We believe it is the only work on the 
use of the sword published, in this country." — New York Tablet, 



Wilcox's Rifles and Rifle Practice. 

New Edition. 
Illustrated. 8vo. Cloth. $2.00. 
RIFLES AND RIFLE PRACTICE. An Elementary Treatise 
on the Theory of Rifle Firing ; explaining the Causes of Inaccu- 
racy of Fire and the manner of correcting it, with descriptions 
of the Infantry Rifles of Europe and the United States, their Balls 
and Cartridges. By Captain C. M. Wilcox, U. S. A. 

22 
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Viele's Hand-Book for Active Service. 

12mo. Cloth. $1.00. 

HAND-BOOK FOE ACTIVE SERVICE, containing Practical 
Instructions in Campaign Duties. For the use of Volunteers. 
By Brig.-Gen. Egbeet L. Viele, U. S. A. 



Nolan's System for Training Cavalry 
Horses. 

24 Plates. Cloth. $2.00. 

NOLAN'S SYSTEM FOE TRAINING CAVALRY HORSES. 
By Kennee Garkaed, Captain Fifth Cavalry, Bvt. Brig.-Gen. 
U. S. A. 

This " System for Training Cavalry Horses," originally arranged by Cap- 
tain L. E. Nolan, 15th Hussars, English Array, is based upon the prinoiples 
of equitation discovered by Monsieur Baucher, of France. 

Captain Nolan's work is now out of print, and to preserve to the Cavalry 
Service so valuable a "System" this book has been prepared for publication. 
It is essentially the same as the original, with the addition of a chapter on 
"Rarey's Method of Taming Horses," and one on the subject of "Horse- 
Shoeing." 

Cooke's Cavalry Tactics. 

100 Illustrations. 12mo. Cloth. $1.00. 
CAVALRY TACTICS; Regulations for the Instruction, Forma- 
tions, and Movements of the Cavalry of the Army and Volunteers 
of the United States. By Philip St. Geo eg e Cooke, Brig.-Gen. 
U. S. A. 

This is the edition now in use in the U. S. Army. 



Pattens Cavalry Drill. 

93 Engravings. 12mo. Paper. 50c. 
CAVALRY DRILL. Containing Instructions on Foot ; Instruc- 
tion on Horseback ; Basis of Instruction ; School of the Squadron, 
and Sabre Exercise. 

23 
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Arnold's Cavalry Service. 

Illustrated 18mo. Cloth. 75c. 

NOTES ON HORSES FOR CAVALRY SERVICE, embodying 
the Quality, Purchase, Care, and Diseases most frequently en- 
countered, with lessons for bitting the Horse, and bending the 
neck. By Bvt. Major A. K. Arnold, Capt. Fifth Cavalry, As. 
eistant Instructor of Cavalry Tactics, U. S. Mil. Academy. 

Patten's Infantry Tactics. 

92 Engravings. 12mo. Paper. 50c. 

INFANTRY TACTICS. Containing Nomenclature of the Mus- 
ket ; School of the Soldier ; Manual of Arms for the Rifle 
Musket ; Instructions for Recruits, without regard to Arms ; 
School of the Company ; Skirmishers, or Light Infantry and Rifle 
Company Movements ; the Bayonet Exercise ; the Small-Sword 
Exercise ; Manual of the Sword or Sabre. 



Patten's Infantry Tactics. 

Revised Edition. 
100 Engravings. 12mo. Paper. 75c. 
INFANTRY TACTICS Contains Nomenclature of the Musket ; 
School of the Company ; Skirmishers, or Light Infantry and 
Rifle Company Movements ; School of the Battalion ; Bayonet 
Exercise ; Small-Sword Exercise ; Manual of the Sword or Sabre. 



Patten's Army Manual. 

8vo. Cloth. |2.00. 

ARMY MANUAL. Containing Instructions for Officers in the 
Preparation of Rolls, Returns, and Accounts required of 
Regimental and Company Commanders, and j)ertaining to the 
Subsistence and Quartermaster's Department, &c, &c. 
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Patten's Artillery Drill. 

12mo. Paper. 50e. 
AETILLEEY DEILL. Containing instruction in the School of 
the Piece, and Battery Manoeuvres, compiled agreeably to the 
Latest Eegulations of the War Department. From Standard 
Military Authority. By Geo eg e Patten, late U. S. Army. 



Andrews' Hints to Company Officers. 

Wmo. Cloth. CO cents. 
HINTS TO COMPANY OFFICEES ON THEIE MILITAEY 
DUTIES. By General C. C. Andrews, Third Eegt. Minnesota 
Vols. 

" Thin is a hand-book of good practical advice, which officers of all ranks 
may study with advantage." — Philadelphia Press. 



Thomas' Rifled Ordnance. 

Fifth Edition, Revised. 
Illustrated. 8vo. Cloth. $2.00. 
EIFLED OEDNANCE : A Practical Treatise on the Application 
of the Principle of the Eifle to Guns and Mortars of every calibre. 
To which is added a new theory of the initial action and force of 
Fired Gunpowder. By Lvnall Thomas, F. E. S. L. 



Brinkerhoff's Volunteer Quarter- 
master. 

12mo. Cloth. $2.50. 
THE VOLUNTEEE QUAETEEMASTEE. Containing a Col- 
lection and Codification of the Laws, Eegulations, Eules, and 
Practices governing the Quartermaster's Department of the 
United States Army, and in force March 4, 18G5. By Captain 
Eoeliff Bbinkebhoff, Assistant Quartermaster U. S. Volunteers, 
and Post Quart- rmaster at Washington. 
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Hunter's Manual for Quartermasters 
and Commissaries. 

12mo. Cloth, $1.25. Flexible Morocco, $1.50. 
MANUAL FOR QUARTERMASTERS AND COMMISSARIES. 
Containing Instructions in the Preparation of Vouchers, Abstracts, 
Returns, etc., embracing all the recent changes in the Army 
Regulations, together with instructions respecting Taxation of 
Salaries, etc. By Captain R. F. Hunteb, late of the U. S. Army. 
12mo. Cloth. $1.25. 

Greener's Gunnery. 

8vo. Cloth. $4.00. Full Calf. $6.00. 
GUNNERY IN 1858. A Treatise on Rifles, Cannon, and Sport 
ing Arms. By Wm. Gkeeneb, R. C. E. 



Experiments on Metals for Cannon. 

4to. 25 Plates. Cloth. $10.00. 
REPORTS OF EXPERIMENTS ON THE STRENGTH AND 
OTHER PROPERTIES OF METALS FOR CANNON ; with 
a Description of the Machines for Testing Metals, and of the 
Classification of Cannon in Service. By Officers of the Ordnance 
Department U. S. Army. Published by authority of the Secre- 
tary of War. 

Rodman's Experiments on Metals for 
Cannon and Powder. 

4to. 60 Plates. Cloth. $10.00. 
REPORTS OF EXPERIMENTS ON THE PROPERTIES OF 
METALS FOR CANNON AND THE QUALITIES OF CAN- 
NON POWDER ; with an Account of the Fabrication and Trial 
of a 15-inch Gun. By Captain T. J. Rodman, of the Ordnance 
Department of U. S. Army. Published by authority of the Secre- 
tary of War. 
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Norton's Report on the Munitions of 
War. 

80 Illustrations. 8vo. Cloth. Extra. $3.50. 
EEPOET TO THE GOVERNMENT OF THE UNITED 
STATES ON THE MUNITIONS OF WAR, exhibited at the 
Paris Universal Exhibition, 1867. By Chakles B. Norton, 
U. S. V., and W. J. Valentine, Esq., U. S. Commissioners. 



Head's System of Fortifications. 

Illustrated. 4to. Paper. $1.00. 

A NEW SYSTEM OF FORTIFICATIONS. By George E. 
Head, A. M., Captain "29th Infantry, and Brevet Major U. S. 
Army. 

Holden's Notes on the Bastion 
System. 

8vo. Paper. 50 cents. 
SYSTEM OF FORTIFICATION ; Its Defects and their Remedies. 
By Lt. E. S. Holden, U. S. Engineers. 



Ordronaux's Manual for Military 
Surgeons. 

12mo. Half Morocco. $1.50. 

MANUAL OF INSTRUCTIONS FOR MILITARY SUR- 
GEONS, in the Examination of Recruits and Discharge of Sol- 
diers. With an Appendix containing the Official Regulations 
of the Provost-Marshal General's Bureau, and those for the 
formation of the Invalid Corps, etc., etc. Prepared at the re- 
quest of the United States Sanitary Commission. By John 
Ordronaux, M. D., Professor of Medical Jurisprudence in 
Columbia College, New York. 

27 



76 MILITARY BOOKS PUBLISHED BY 



The Automaton Company. 

In Box fl.25. When sent by mail $1.94. 

THE AUTOMATON COMPANY; OR, INFANTRY SOL- 
DIERS' PRACTICAL INSTRUCTOR. For all Company 
Movements in the Field. By G. Douglas Brewebton U. S. 
Army. 

The Automaton Battery. 

In Box $1.00. When sent by mail $1. 30. 

THE AUTOMATON BATTERY ; OR, ARTILLERISTS' PRAC- 
TICAL INSTRUCTOR. Far all Mounted Artillery Manoeuvres 
in the Field. By G. Douglas Bbewebton, U. S. A. 



The Automaton Regiment. 

In Box $1.00. When sent by mail $1.33. . 

THE AUTOMATON REGIMENT; OR, INFANTRY SOL- 
DIERS' PRACTICAL INSTRUCTOR. For all Regimental 
Movements in the Field. By G. Douglas Bkewebton. U. S. 
Army. 

The " Automaton Regiment " is a simple combination of blocks and coun- 
ters, so arranged and designated by a carefully considered contrast of colors, 
that it supplies the student with a perfect miniature regiment, in which the 
position in the battalion, of each company, and of every officer and man in each 
division, company, platoon, and section, is clearly indicated. It supplies the 
studious soldier with the means whereby he can consult his " tactics," and at 
the same time join practice to theory by manoeuvring a mimic regiment. 



Grafton on the Camp and March. 

12mo. Cloth. 75 cents. 

A TREATISE ON THE CAMP AND MARCH. With which 
is connected the Construction of Field- Works and Military 
Bridges ; with an Appendix of Artillery Ranges, etc. For the 
use of Volunteers and Militia in the United States. By Captain 
Henet D. Gbafton, U. S. A. 
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Gen. McClellan's Report of the Army 
of the Potomac. 

8vo. Cloth. $1.00. Paper. 50 cents. 
REPORT OF THE ARMY OF THE POTOMAC, of its Opera- 
tions while under his command. With Maps and Plans. By 
General Geo. B. McClellan, TJ. S. A. 



Moore's Portrait Gallery of the War. 

1 vol. 3vo. Cloth. $6.00. Half Calf. $7.50. 
PORTRAIT GALLERY OF THE WAR, CIVIL, MILITARY, 
AND NAVAL. A Biographical Record. Edited by Fbank 
Moohk. Illustrated with sixty fine portraits on steel. 
This is a really splendid volume— an indieation at once of how highly the 
American people esteem the noble men who in the Cabinet, in the field, and 
on the sea, are working out their country's redemption from the sin and suffer- 
ing entailed by the accursed system of slavery, and how ready they are, even 
in their lifetime, and in the midst of their national struggle, to confer upon 
them distinguished and imperishable honors. The portraits form a collection 
that would reflect credit upon any nation — indeed a finer-looking set of states- 
men, generals, and admirals, physically and intellectually, could not, we 
believe, be found in any one nation out of America. The likenesses, we have 
reason to believe, are true to life, and the engravings, as such, are in the 
highest and best style of the art. Each of the sixty— the first place, of course, 
being given to that noble old specimen of Christianized humanity, " honest 
Abraham Lincoln," and the second to that distinguished veteran, Lieutenant- 
General Winfield Scott — is accompanied with a brief memoir, and the whole 
forms a volume which, we doubt not, Americans will prize, and the interested 
of other nations will be anxious to procure. It was our purpose at first to 
review the volume at some length, and give a few extracts descriptive of the 
life and history of some of the more prominent Generals of the war ; we are 
now, however, disposed to keep the sketches in reserve, and from time to time, 
as circumstances permit, to furnish our readers with glimpses of the heroes 
who come up prominently before them. We may add that, with a courtesy 
and liberality which must be regarded as worthy of all praise, the portraits 
are not confined to the Federals alone. Abraham Lincoln is given, as also is 
the rebel chief, Jeff. Davis ; Grant and Thomas are in it, so also are Beaure- 
gard and Lee — in fact, both in the eivil and military departments of the war 
distinguished merit and distinguished bravery, whether on the one side or 
the other, have a place. — Caledonian Mercury—Edinburgh. 
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